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RELEASE OF CASPASE-9 FROM M1TOCHO»^-^A DURING 
NEURONAL APOPTOSIS AND CEREBRAL IS* /iA. Stanislaw 

n ill i ir FTniTi ruin li* III H rilnTi^^ 'Webh. Zhihwa 

yif>. fhiinn L. Dgygraux: Guv S. Salvespn ? . g^^^y ^esen. Barbara 

Ranschr. Rvten & Rosenthal', Qr <i ^WJ1y,$k\ C Reed, The 

Bumham Institu te/ Program an Apopto^^Cti* Death Research Program 
on Aging Research, 10901 North Torr^y Finest RogdyLa Jolla, CA 92037; 
$George Washington University School ^^Micine, , Department of 
Emergency Medicine, WashingtotvBC 1002J; / #Tnelniversity' of Maryland 
School of Medicine, Department jrf^AnestrWsio^# Baltimore, MD 21201. 
& These two authors^ontributed equally to trie work pre/jsnted herein. 

Caspase-9 is criticar "for cytbchro^V c-dpperkient *i|J.tosis and normal 
brain development We deterTu^d Ah.it this apical protease in the 
cytochrome c pathway for apoptosis resides inside mitochondria in several 
types of cells including cardiomyocytes and many neurons. Caspase-9 is 
released from isolated mitochondria upon treatment with Ca 2 * or Bax, 
stimuli implicated in ischemic neuronal cell death that are known to 
induce cytochrome c release from mitochondria. In neuronal cell culture 
models, apoptosis- inducing agents trigger translocation of caspase-9 from 
mitochondria to the nucleus, which is inhibi table by Bcl-2. Similarly, in 
an animal model of transient global cerebral ischemia, caspase-9 release 
from mitochondria and apparent accumulation in nuclei was observed in 
hippocampal and other vulnerable neurons exhibiting early post-ischemic 
changes preceding apoptosis. Loss. of mitochondrial barrier function during 
neuronal damage from ischemia or other insults therefore' may play an 
important role in making certain caspases and caspase activators 
(cytochrome c) available to participate in apoptosis. 
N1H support (NS 36821, AG 12282, NS 33376, AG 15402, NS 34152). 



636.12 

CASPASE-3 IS 'ACTIVATED. IN THE HIPPOCAMPUS FOLLOWING 
SEVERE INSULIN-INDUCED HYPOGLYCEMIA IN THE RAT BRADnLM. 
Ferrand-Drake. 1 * T.O. Karlsson.' T. Wieloch. 1 K. Blomyreh* . 1 Laboratory for 
Experimental Brain Research, Wallenberg Neuroscience Center, University 
Hospital Lund, 221 85 Lund, Sweden; ^Department of Physiology, University 
of Gothenburg, P.O. Box 432, SE 405 30 Gothenburg, Sweden. 

Cells in the crest of the hippocampal dentate gyrus are highly vulnerable 
to a hypoglycemic insult. Mitochondrial permeability transition and 
subsequent DNA fragmentation has been implicated in the cell death 
observed in this region. These events are- in part mediated by members of the 
caspase- family which seems to play a central role in mammalian 
programmed cell death. Caspase- 3 is the most studied member and has been 
strongly implicated even in situations where the traditional morphological 
criteria for apoptosis are less evident, e.g. following cerebral ischemia. 
Therefore, we have investigated whether caspase-3 is 'activated following 
a hypoglycemic insult to the brain. We used an antibody which recognizes 
the pl7 large fragment of the active complex of caspase-3. In, the recovery , 
period, we detect intense iiranunohistochemical labeling of dentate granule 
cells which degenerate following 30 minutes of hypoglycemic coma. 
Furthermore, an assay for measuring the amount of caspase-3 activation was 
applied. Using protein-extracts from the vulnerable region of the 
hippocampus a significant rise in activity is seen in the recovery period. We 
conclude that caspase-3 is activated in the course of hypoglycemic cell 
death. However, it remains to be established if caspase-activaticm is a 
decisive event in hypoglycemic cell death. This work was supported by the 
Swedish Medical Research Council, the Juvenile Diabetes Foundation 
International, and the Bergendahl Foundation. 
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CASPASE-3 - CALPAIN INTERACTION IN NEONATAL 
RAT HYPOXIA-ISCHEMIA. K , Plprng re n ' 2 *. X^Wang 1 , C, 
Ha F elberg'. J.- O. Karlsson 3 . B. Bahr 4 . and H. Haghere 13 . 'Perinatal 
Center; Inst, of Physiology and Pharmacology, Gbteborg Univ., 
Goteborg, Sweden; T^pt, Of Pediatrics, Sahlgrenska Univ. Hospital/ 
Ostra, Goteborg, Sweden; 3 Inst. of Anatomy and Cell Biology, 
Goteborg Univ., Goteborg, Sweden; 4 Dept. of Pharmaceutical 
Sciences, University of Connecticut, Storrs, CT; 5 Dept. of Obstetrics 
and Gynecology, Sahlgrenska Univ. Hospital, Goteborg, Sweden. 

Hypoxia-ischemia (HI) was induced in 7-day-old rats by left 
carotid artery occlusion plus 7.7% 0 2 for 1 h. Injury develops in the 
ipsilateral hemisphere whereas the contralateral (hypoxic) hemisphere 
remains unaffected. Activation (cleavage) of caspase-3 was detectable 
after 1 h reaching a maximum 24 h post-HI, but only in the ipsilateral 
hemisphere. The DEVD-cleaving activity followed the same time- 
course. Pharmacological calpain inhibition (CX295, Cortex 
Pharmaceuticals, s.c, 40 jtmol/kg, every 3 h for 24 h post-HI) 
inhibited the degradation of fodrin and calpastatin (Blomgren et al., 
1999, J. Biol. Chem., 274: 14046-14052). Also,, the ratio 
(ipsilateral/contralateral) of intact caspase-3 changed from 70.3% 
(vehicle) to 93.8% (CX295) (p=0.005), and the 30 kDa fragment ratio 
(30/(30*32)) changed from 17.0% (vehicle) to 8.2% (CX295) 
(p=0.045). However, the degradation of PARP and the DEVD- 
cleaving activity "were not significantly affected, indicating that the 
presumed calpain-induced cleavage of caspase-3 did not change the 
activity of this protease. Supported by the Swedish Medical Research 
Council (12213, 9455). 
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K / CLONING, EXPRESSION, CHARACTERIZATION OF A TETRACYCLINE- 
V DEPENDENT STABLE CELL LINE OVER-EXPRESS JNG CHIMERIC CASPASE 3 
MM Racke 1 *. S Na*. S Kovacevic 3 . CS Chang 1 . MK Mosior'. NW RoeW 
'Dept. Cardiovascular Research, J Dept. Research Technologies and Protein, Eli Lilly 
and Company, Indianapolis, EN 46285 

Caspases are known to play an important role in the apoptotic cascade. They are 
synthesized as inactive proenzymes that are processed by self-pro tcolysis and/or 
cleavage by other proteases. Pro-caspase 3 is a 32 kd protein consisting of a small 
prodomain and 17 kd large subunit and 12 kd small subunit Cleavage between the 
prodomain and active subunit, as well as between large and small subunits, generates 
active heterodimers of large and small subunits and finally forms a tetramer which is 
then active. Procaspase-3 is a poor inducer of cell death when transfected in 
mammalian cells, presumably because of its inability to autoactivate. It has been 
suggested that longer prodomains may be able to mediate dimerization of procaspase 
molecules, thereby promoting autoprocessing. In an effort to generate highly efficient 
autoactivating caspase 3, we engineered a chimeric caspase 3 by fusing the caspase 1 
prodomain to the caspase 3 catalytic domain. The vector we employed contained 
neomycin resistance for clonal selection as well as being tetracycline (tet) repressible. 
By maintaining cells in 1 ug/ml doxycycline during the selection and growth, we kept 
expression of the potentially lethal chimeric caspase 3 gene tightly regulated. When 
doxycycline is removed, we observe a time dependent increase in active caspase 3 by 
immunostaining, in vitro caspase 3 : enzymatic, activity and PARP cleavage. Thus, we 
. were able to generate a stable human neuroblastoma cell line to investigate the role of 
overexpression of this single caspase. This work indicates that autpactivation of 
caspase 3 is sufficient to initiate an apoptotic cascade in SK-N-MC cells. It also * 
demonstrates the potential of using a tet-dependent system to study any cell death gene. 

Eli Lilly and Company 
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EXPRESSION OF THE TR3 DEATH RECEPTOR IN ACUTE AND 
CHRONIC NEURODEGENERATIVE DISEASE. P. R. Mavcox*. B. Crook. J. 
Meakin. J. Roberts. D. C. Harrison. S. J. Newman* Neuroscience and Analytical 
Science* Divisions, SB Pharmaceuticals, Third Ave., Harlow, Essex, UK 

There is increasing evidence to suggest that the death receptors play a significant 
role in the removal of neurons both during development and in disease processes. 
They form a subgroup of the TNFR-superfamily and are characterised by the 
presence of a cytosolic region known as the death domain, which transduces an 
apoptotic signal. TR3 is a recently characterised death receptor that is expressed in 
peripheral tissues and in the fetal and adult brain. Biochemical analysis has shown 
that TR3 signalling is similar to TNFRI with initial recruitment of TRADD followed 
by FADD and caspase 8. The function of TR3, however, is unknown at present and 
its distribution and expression in the brain has not been studied. In order to 
characterise the role of death receptors in neurodegenerauon, we have analysed the 
expression patterns of TR3 in the normal and ischemic rat brain. We have analysed 
modulation of TR3 expression in the pMCAO model of focal ischemia and 
contrasted changes in TR3 with those observed for three other death receptors that 
are associated with brain pathology or neuronal elimination , TNFRI, Fas and p75. 
Our data indicate that the death receptors can be subdivided into groups based on 
their temporal and regional modulation in the stroke model, suggesting that they play 
specific and possibly distinct roles in stroke induced cell death. We have further 
analysed the expression pattern of TR3 in samples from Alzheimer's Disease (AD) 
patients. There appears to be a specific increase in TR3 in certain neuronal 
populations in AD cortex and hippocampus. 
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CASPASE-2 ACTIVITY MEDIATES NEURONAL CELL DEATH AFTER 
TRANSIENT GLOBAL CEREBRAL ISCHEMIA. KL. Jin'*. T.' Nagavama 2 . 
DA Green berg 1 . RP Simon', and SH. Graham 1 . 'Buck Center for Research in 
Aging, Novate CA94M5; 2 Dept of Neurology, Univ. of Pittsburgh School of 
Medicine, Pittsburgh, PA 15261 

Transient global cerebral ischemia induces delayed cell death in the. 
hippocampal CA1 sector. This process of cell death may involve a number of cell 
death-regulating genes, which include Bcl-2 family genes and caspase family 
genes. 

To investigate whether caspase-2 executes neuronal cell death after transient 
global ischemia, we identified caspase-2 and caspase-2s cDNAs from a rat 
ischemic brain cDNA library. Both were highly homologous with, the sequences 
of human and mouse caspaso-2 and caspase-2s genes. By RT-PCR, rat caspase-2 
and caspase-2s mRNA were upreguiated at ft, 24 and 72 hr of reperfusion after 
global ischemia. The ratio of the two PCR fragments did not change significantly 
throughout the time course of reperfusion. By analysis of Western Wot using a 
monoclonal antibody against caspase-2, the caspase-2 pro-form was detected in 
the ischemic as well as non-iscnemic hippocampus, and a doublet (28-30 kDa) 
that may execute cell death, was also detected as early as at 8 hr, and increased 
with increasing duration of reperfusion. Moreover, administration of the caspase- 
2 inhibitor (VDVAD-FMK) into the ventricle at 2 hr before ischemia decreased 
significantly neuronal cell death and reduced DNA damage-positive cells in the 
CA1 sector at 72 hr after transient global ischemia, suggesting that caspase-2 
activation is an important step in programmed neuronal cell death signa lin g. 
Therefore, caspase-2 activation may be an additional caspase-related important 
step in programmed cell death after global ischemia, and may provide a new 
target for treatment , 
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In situ activation of caspases and serine proteases during apoptosis 
detected by affinity labeling their enzyme active centers with 
f luorochrome- tagged inhibitors. 

Grabarek Jerzy; Darzynkiewicz Zbigniew; et al 
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Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Activation of caspases is the key event of apoptosis. To detect this 
event in situ we applied f luorochrome -labeled inhibitors of caspases 
(FLICA) as affinity labels of active centers of these enzymes. The FLICA 
are fluorescein- or sulf orhodamine -conjugated peptide -fluoromethyl ketones 
that covalently, with 1:1 stoichiometry, bind to enzymatic centers of 
caspases; the specificity is provided by the peptide sequence of amino 
acids. Similarly, we applied fluorescent inhibitors of serine 
proteases (FLISP) to detect active sites of the latter enzymes. 
Exposure of live cells to FLICA of FLISP led to uptake of these ligands and 
their binding to activated caspases or active sites of 

serine proteases; the unbound reagents were removed by cell rinse. Only 
cells undergoing apoptosis were labeled with FLISP or FLICA. Intracellular 
binding sites of FLICA are consistent with known localization of 
caspases. Covalent binding of FLICA or FLISP allowed us to identify 
the labeled proteins by immunoblotting : the proteins that bound individual 
FLICAs had molecular weight between 17 and 22 kDa, which corresponds to 
large subunits of the caspases; two proteins reacting with FLISP were about 
57 and 60 kDa, which suggests that they are novel enzymes. Detection of 
caspases or serine proteases activation can be combined with other markers 
of apoptosis or cell cycle for multiparametric analysis by flow or laser 
scanning cytometry. Being caspase inhibitors, FLICA arrest the process of 
apoptosis and prevent cell disintegration. The stathmo-apoptotic assay was 
developed, therefore, to obtain cumulative apoptotic index over a long 
period of time and estimate a rate of cell entry into apoptosis for cell 
populations . 

FLICA are fluorescein- or sulf orhodamine -conjugated 

peptide-f luoromethyl ketones that covalently, with 1:1 stoichiometry, 
bind to enzymatic centers of caspases; the specificity is provided by 
the peptide sequence of amino, acids. Similarly, we applied fluorescent 
inhibitors of serine proteases (FLISP) to detect active sites 
of the latter enzymes. Exposure of live cells to FLICA of FLISP led to 
uptake of these ligands and their binding to activated 
caspases or active sites of serine proteases; the unbound reagents 
were removed by cell rinse. Only cells undergoing apoptosis were labeled 
with FLISP or FLICA. Intracellular binding sites of FLICA are 
consistent with known localization of caspases. Covalent binding of 
FLICA or FLISP allowed us to identify the labeled proteins by 
immunoblotting: the proteins... 

; Affinity Labels - -diagnostic use--DU; Binding Sites; Biotinylation 
; Caspases- -chemistry- -CH; Cell Cycle; Cells, Cultured- -enzymology- -EN; 
Cysteine Proteinase Inhibitors—analysis . . . 
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A highly conserved arginine is critical for the functional folding of 
inhibitor of apoptosis (IAP) BIR domains. 
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Document type: Journal Article 
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Main Citation Owner: NLM 
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The inhibitor of apoptosis (IAP) proteins are found in all animals and 
regulate apoptosis (programmed cell death) by binding and inhibiting 
caspase proteases. This inhibition is overcome by several apoptosis 
stimulators, including Drosophila Hid and mammalian Smac/DIABLO, which bind 
to 65-residue baculovirus IAP repeat (BIR) domains found in one to three 
copies in all IAPs . Virtually all BIRs contain three Cys and a His that 
bind zinc, a Gly in a tight turn, and an Arg. The functional and structural 
role of the Arg was investigated in isolated BIR domains from the 
baculovirus Orgyia pseudotsugata Op-IAP and the Drosophila DIAP1 proteins. 
Mutation of the Arg to either Ala or Lys abolished Hid and Smac binding to 
BIRs, despite the Hid/Smac binding site being located on the opposite 
side of the BIR domain from the Arg. The mutant BIR domains also exhibited 
weakened zinc binding, increased sensitivity to limited proteolysis, and 
altered circular dichroism spectra indicative of perturbed domain folding. 
Examination of known BIR structures indicates that the Arg side chain makes 
simultaneous bridging hydrogen bonds and a cation-pi interaction for which 
the Arg guanidino group is uniquely well suited. These interactions are 
likely critical for stabilizing the tertiary fold of BIR domains in all 
IAPs, explaining the conservation of this residue. 
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The pathogenesis of pericyte loss, an initial deficit in the early stage 
of diabetic retinopathy, remains unclear. Recent studies have suggested 
that polyol pathway hyperactivity and apoptosis may be involved in pericyte 
loss. The mechanisms of the glucose- induced apoptosis in retinal pericytes 
were investigated to evaluate the pathogenesis of diabetic retinopathy. 
Under the 2 0 mM glucose condition, intracellular calcium concentrations and 
caspase-3 activities were significantly increased, and reduced glutathione 
(GSH) contents were significantly decreased compared with those under the 
5.5 mM glucose condition. These abnormalities were all significantly 
prevented by an aldose reductase inhibitor, SNK-860. Glucose-induced 
apoptosis was partially but significantly prevented by SNK-860, an 
inhibitor of calcium-dependent cysteine protease, calpain, 
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Abstract: The inhibitor of apoptosis (IAP) family of proteins are highly 
conserved through evolution, However, the mechanisms by which these 
proteins interfere with apoptotic cell death have been enigmatic, 
Recently, we showed that one of the human IAP family proteins, XIAP, 
can bind to and potently inhibit specific cell death proteases 
(caspases) that function in the distal portions of the proteolytic 
cascades involved in apoptosis, In this study, we investigated three of 
the other known members of the human IAP family, c-IAP-1, c-IAP-2 and 
NAIP, Similarly to XIAP, in vitro binding experiments indicated 
that c-IAP-1 and c-IAP-2 bound specifically to the terminal effector 
cell death proteases, caspases-3 and -7, but not to the proximal 
protease caspase-8, caspases-1 or -6, In contrast, NAIP failed to 
bind tightly to any of these proteases, Recombinant c-IAP-1 and 
c-IAP-2 also inhibited the activity of caspases-3 and -7 in vitro, with 
estimated K(i)s of less than or equal to 0.1 mu M, whereas NAIP did 
not, The BIR domain-containing region of c-IAP-1 and c-IAP-2 was 
sufficient for inhibition of these caspases, though proteins that 
retained the RING domain were somewhat more potent, Utilizing a 
cell -free system in which caspases were activated in 
cytosolic extracts by addition of cytochrome c, c-IAP-1 and c-IAP-2 
inhibited both the generation of caspase activities and proteolytic 
processing of pro-caspase-3 , Similar results were obtained in intact 
cells when c-IAP-1 and c-IAP-2 were overexpressed by gene transf ection, 
and apoptosis was induced by the anticancer drug, etoposide, Cleavage 
of c-IAP-1 or c-IAP-2 was not observed when interacting with the 
caspases, implying a different mechanism from the baculovirus p35 
protein, the broad spectrum suicide inactivator of caspases, Taken 
together, these findings suggest that c-IAP-1 and c-IAP-2 function 
similarly to XIAP by inhibiting the distal cell death proteases, 
caspases-3 and -7, whereas NAIP presumably inhibits apoptosis via other 
targets . 
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Abstract: Abrin A-chain (ABRA) inhibits protein synthesis by its 
N-glycosidase activity as well as induces apoptosis, but the 
molecular mechanism of ABRA-induced cell death has been obscure. Using 
an ABRA mutant that lacks N-glycosidase activity as bait in a yeast 
two-hybrid system, a 30-kDa antioxidant protein-1 (AOP-1) was found to 
be an ABRA (E164Q) -interacting protein. The interaction was further 
confirmed in vitro by a glutathione S-transf erase pull-down assay. The 
colocalization of endogenous AOP-1 and exogenous ABR proteins in the 
cell was demonstrated by confocal immunofluorescence, We also 
demonstrated that ABRA attenuates AOP-1 antioxidant activity in a 
dose -dependent manner and the intracellular level of reactive oxygen 
species (ROS) increases in ABR-treated cells. Moreover, ROS scavengers 
N-acetylcysteine and 4-hydroxy-2 ,2,6, 6-tetramethylpiperidine- 1-oxyl 
delayed programmed cell death. This indicates that ROS are important 
mediators of ABR-induced apoptosis, When ectopically expressed, 
AOP-1 blocked the release of cytochrome c and prevented apoptosis 
in ABR-treated cells. These findings suggest that the binding of ABRA 
to AOP-1 promotes apoptosis by inhibiting the mitochondrial 
antioxidant protein AOP-1, resulting in the increase of intracellular 
ROS and the release of cytochrome c from the mitochondria to the 
cytosol, which activates caspase-9 and caspase-3. 
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Abstract: Murine monoclonal antibodies are prepared and characterized which 
bind selectively to human breast cancer cells, are IgGs or IgMs, and 
when conjugated to ricin A chain, exhibit a TCID 50% against at least one 
of MCF-7, CAMA-1, SKBR-3, or BT-20 cells of less than about 10 nM. Methods 
for diagnosing, monitoring, and treating human breast cancer with the 
antibodies or immunotoxins made therefrom are described. 
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Abstract: Many forms of apoptosis, including that caused by the death 

receptor CD95/Fas/APO-l , depend on the activation of caspases, which 
are proteases that cleave specific intracellular proteins to cause 
orderly cellular disintegration. The requirements for activating these, 
crucial enzymatic mediators of death are not well understood. Using 
molecular chimeras with either CD 8 or Tac, we find that oligomerization 
at the cell membrane powerfully induces caspase-8 
autoactivation and apoptosis . Death induction was abrogated by 
the z-VAD-fmk, z-IETD-fmk, or p35 enzyme inhibitors or by a mutation in 
the active site cysteine but was surprisingly unaffected by death 
inhibitor Bcl-2, Amino acid substitutions that prevent the proteolytic 
separation of the caspase from its membrane -associated domain 
completely blocked apoptosis. Thus, oligomerization at the membrane is 
sufficient for caspase-8 autoactivation, but apoptosis could involve a 
death signal conveyed by the proteolytic release of the enzyme into the 
cytoplasm. 
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Yeast two-hybrid technology as well as mammalian reporter assays use 
fusions between a protein of interest and the GAL4 DNA-binding domain 
(GAL4DB) . We demonstrate that expression of a GAL4DB/ caspase- 1 
chimeric protein in yeast leads to autoproteolytic cleavage of 
GAL4DB. Moreover, recombinant GAL4DB is a good in vitro substrate for 
recombinant caspase-1 and several other caspases. Cleavage sites map at the 
C- terminus of GAL4DB and result in release of the fused protein. The 
finding that GAL4DB can be cleaved by caspases has important implications 
for the use of caspases in two-hybrid analysis and in the interpretation of 
mammalian assays based on GAL4 -dependent reporter gene expression. 
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Antibodies have been expressed inside cells in an attempt to ablate 
the function of oncogene products. To make intracellular antibodies 
more generally applicable and effective in cancer therapy, we have devised 
a method in which programmed cell death or apoptosis can be triggered by 
specific antibody- antigen interaction. When intracellular 
antibodies are linked to caspase 3, the "executioner" in the 
apoptosis pathway, and bind to the target antigen, the caspase 3 
moieties are self -activated and thereby induce cell killing. We have used 
this strategy in a model system with two pairs of intracellular 
antibodies and antigens . In vivo coexpression of an antibody- 
caspase 3 fusion with its antigenic target induced 
apoptosis that was specific for antibody, antigen, and active caspase 
3. Moreover, the antibody-caspase 3 fusion protein was 

not toxic to cells in the absence of antigen. Therefore, intracellular 
antibody -mediated apoptosis should be useful as a specific 
therapeutic approach for the treatment of cancers, a situation where 
target cell killing is required. 
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Apoptosis is an essential process in the development and homeostasis of 
all metazoans . The inhibitor-of -apoptosis (IAP) proteins suppress cell 
death by inhibiting the activity of caspases; this inhibition is performed 
by the zinc -binding BIR domains of the IAP proteins. The mitochondrial 
protein Smac/DIABLO promotes apoptosis by eliminating the inhibitory effect 
of IAPs through physical interactions. Amino -terminal sequences in 
Smac/DIABLO are required for this function, as mutation of the very first 
amino acid leads to loss of interaction with IAPs and concomitant loss of 
Smac/DIABLO function. Here we report the high-resolution crystal structure 
of Smac/DIABLO complexed with the third BIR domain (BIR3) of XIAP. Our, 
results show that the N-terminal four residues (Ala-Val-Pro-Ile) in 



Smac/DIABLO recognize a surface groove on BIR3, with the first residue Ala 
binding a hydrophobic pocket and making five hydrogen bonds to neighbouring 
residues on BIR3 . These observations provide a structural explanation for 
the roles of the Smac N terminus as well as the conserved N-terminal 
sequences in the Drosophila proteins Hid/Grim/Reaper. In 
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BACKGROUND: Procaspase 3 is a constitutive proenzyme that is activated by 
cleavage during apoptosis. The resulting enzyme is able to cleave several 
target proteins after the second aspartate of a DEVD sequence common 
to all the substrates of caspases 3 and 7 (DEVDase) . Because active caspase 
3 is a common effector in several apoptotic pathways, it may be a good 
marker to detect (pre-) apoptotic cells by flow cytometry (FCM) . Materials 
and Methods Apoptosis was induced in U937 or bone marrow mononuclear cells 
by daunorubicin (DNR) , idarubicin (IDA) , or camptothecin (CAM) . Viable and 
apoptotic cells were sorted by FCM on the basis of either fluorescein 
isothiocyante (FITC) -annexin V binding or DiOC6(3) accumulation. DEVDase 
activity was measured in sorted populations by spectrof luorometry . Cleaved 
caspase 3 was labeled in situ with phycoerythrin (PE) -conjugated 

anti-activated caspase 3 antibodies and analyzed by FCM. 
RESULTS: DEVDase activity was detected in sorted viable CAM- and 
DNR- treated U937 cells, demonstrating that a partial caspase activation 
occurred earlier than phosphatidyl-serine exposure and mitochondrial 
membrane potential dissipation. The presence of a low amount of active 
caspase 3 in the treated viable cells was confirmed in situ with PE- 
conjugated anti-active caspase 3 antibodies. The same 
antibody was used in combination with FITC-annexin V and CD45-PC5 to 
study caspase 3 activation in acute leukemia blast cells after in vitro DNR 
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Abstract: Monoclonal antibodies are produced which specifically bind to 
human ovarian cancer cells. These antibodies are conjugated to 
Pseudomonas exotoxin in order to produce an immunotoxin suitable for 
the chemotherapeutic treatment of human ovarian cancer. 
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Caspases play a major role in the transduction of the apoptotic 
signal and execution of apoptosis in mammalian cells. Ectopic 
overexpressiori of the short prodomain caspases-3 and -6 precursors in 
mammalian cells does not induce apoptosis. This is due to their inability 
to undergo autocatalytic processing/activation and suggests that they 
depend on the long prodomain caspases for activation. To investigate 
directly the apoptotic activity of these two caspases in vivo, we 
engineered constitutively active recombinant caspases -3 and -6 
precursors. This was achieved by making contiguous precursor caspases 
-3 and -6 molecules, which have their small subunits preceding their large 
subunits. Unlike their wild type counterparts, these recombinant molecules 
were capable of autocatalytic processing in an in vitro translation 
reaction, suggesting that they are catalytically active. They were also 
capable of autoprocessing and inducing apoptosis in vivo independent of the 
upstream caspases . Furthermore, their autocatalytic and apoptotic 
activities were inhibited by the pancaspase inhibitor 

z-VAD-f luoromethylketone, but not by CrmA or Bcl-2, thus directly 
demonstrating that the targets of inhibition of apoptosis by CrmA and Bcl-2 
are upstream of caspases-3 and -6. Since caspases-3 and -6 are 
the most downstream executioners of apoptosis, the constitutively active 
versions of these caspases could be used at very low concentrations 
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Apoptosis is a genetically programmed cell death that is required for 
morphogenesis during embryogenic development and for tissue homeostasis in 
adult organisms. In most cases, apoptosis involves cytochrome c release 
from mitochondria. In the cytosol, cytochrome c combines with APAF-1 in the 
presence of ATP to activate caspase -9 that, in turn, activates 
effectors caspases such as caspase -3. Bcl-2 and related 
proteins control cytochrome c release from the mitochondria whereas IAP 
(for Inhibitor of APoptosis) molecules modulate the activity of 
caspases . Plasma membrane receptors such as Fas (CD95, APO-1) , 
characterized by a so-called "death domain" in their cytoplasmic domain, 
can activate the caspase cascade through adaptator molecules such as 
FADD (Fas -Associated protein with a Death Domain) . Dysregulation of the 
apoptotic machinery plays a role in the pathogenesis of various diseases 
and molecules involved in cell death pathways are potential therapeutic 
targets in immunologic, neurologic, cancer , infectious and 
inflammatory diseases. 
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Apoptosis is a new therapeutic target of cancer research. 
Tanshinone IIA isolated from Salvia miltiorrhiza BUNGE, a traditional 
oriental medical herb, was observed to induce apoptosis in HL60 human 
premyelocytic leukemia cell line. Tanshinone IIA induced DNA fragmentation 
into the multiples of 180 bp and increased the percentage of hypodiploid 
cells in flow cytometry after propidium iodide (PI) staining. Tanshinone 
IIA-induced apoptosis is accompanied by the specific proteolytic cleavage 
of poly (ADP-ribose) polymerase (PARP) and the activation of caspase 
-3, a major component in apoptotic cell death mechanism. 

Dec 15 1999, 

Apoptosis is a new therapeutic target of cancer research. 
Tanshinone IIA isolated from Salvia miltiorrhiza BUNGE, a traditional 
oriental medical herb, was observed... 
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One of the major goals of researchers in the field of apoptosis is to 
understand the molecular mechanisms of the various components of the 
apoptotic pathways, with the hope to identify targets for novel 
cancer therapies. The discovery of a TNF-related, apoptosis -inducing 
ligand, TRAIL, that kills transformed cells with great specificity in 
vitro, has provided the hope that TRAIL may be used to induce cell death in 
tumor cells without affecting normal tissues. However, TRAIL signaling is 
very complex and a clear understanding of its function is necessary before 
it can be used in cancer therapy. Complexity of TRAIL -induced signaling is 
apparent from its ubiquitous expression, its ability to interact with five 
receptors, and its tumor-selective induction of apoptosis. The signaling 
events that mediate the tumor selectivity of TRAIL-induced apoptosis and 
the biological functions of each of the TRAIL receptors are not well 
characterized. This review will focus on the complexity of TRAIL and the 
role of c-FLIP in mediating TRAIL function. 
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Apoptosis is a fundamental biologic process that is important in many 
physiologic and pathophysiologic processes in the liver. Although 
dysregulation of apoptosis may contribute to a wide range of diseases, the 
role of this process in liver disease and pathophysiology has only recently 
begun to be recognized and remains to be fully defined. Several important 
questions remain unanswered: How does excessive apoptosis in response to 
injury contribute to inflammation and fibrogenesis in the liver? How does 



control of apoptosis contribute to the regulation of hepatic structure 
following injury? What is the role of death receptors in hepatic disease? 
Can an understanding of apoptosis be helpful in therapeutic modulation of 
specific liver diseases or liver cancer? The identification of 
target molecules involved in apoptosis raises the prospect of 
pharmacologic modulation that may result in better treatment options for 
patients with liver diseases. Inhibition of apoptosis is likely to be 
useful in treating fulminant hepatic failure or in organ preservation 
before transplantation. In these situations, treatment is for a limited 
period, and the potential hazards of nonselective long-term inhibition of 
apoptosis are minimized. Safe and organ-specific inhibitors of apoptosis 
would be required for prolonged treatment of chronic liver diseases. For 
treatment of liver tumors, the goal is to induce apoptosis selectively in 
cancer cells. Drugs that decrease the apoptotic threshold by modulating the 
intracellular regulatory mechanisms and drugs that enhance the 
susceptibility of cancer cells to undergo immune -mediated apoptosis will be 
useful in the treatment of liver cancers. The rapid advances in the 
understanding of the intracellular mechanisms and the regulation of 
apoptosis will ultimately result in a better understanding of the role of 
apoptosis in the pathophysiology of liver diseases and may allow 
therapeutic modulation of this process. 

May 2000, 
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Intracellular CXCR4 signaling, neuronal apoptosis and neuropathogenic 
mechanisms of HIV-l-associated dementia. 
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The mechanism (s) by which HIV-1 affects neural injury in HIV-l-associated 
dementia (HAD) remains unknown. To ascertain the role that cellular and 
viral macrophage products play in HAD neurotoxicity, we explored one 
potential route for neuronal demise, CXCR4 . CXCR4 , expressed on lymphocytes 
and neurons, is both a part of neural development and a co-receptor 
for HIV-1. Its ligand , stromal cell-derived f actor-lalpha 
(SDF-lalpha) , affects neuronal viability. GTP binding protein (G-protein) 



linked signaling after neuronal exposure to SDF-lalpha, virus-infected 
monocyte -derived macrophage (MDM) secretory products, and virus was 
determined. In both human and rat neurons, CXCR4 was expressed at high 
levels. SDF-lalpha/beta was detected predominantly in astrocytes and at low 
levels in MDM. SDF-lbeta/beta was expressed in HAD brain tissue and 
upregulated in astrocytes exposed to virus infected and/or immune activated 
MDM conditioned media (fluids) . HIV-l-inf ected MDM secretions, virus and 
SDF-lbeta induced a G inhibitory (Gi) protein-linked decrease in cyclic AMP 
(cAMP) and increase inositol 1,4, 5-trisphosphate (IP3) and intracellular 
calcium. Such effects were partially blocked by antibodies to CXCR4 
or removal of virus from MDM fluids. Changes in G-protein-coupled signaling 
correlated, but were not directly linked , to increased neuronal 
synaptic transmission, C 
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The mechanism (s) by which HIV-1 affects neural injury in HIV-l-associated 
dementia (HAD) remains unknown. To ascertain the role that cellular and 
viral macrophage products play in HAD neurotoxicity, we explored one 
potential route for neuronal demise, CXCR4 . CXCR4, expressed on lymphocytes 
and neurons, is both a part of neural development and a co-receptor for 
HIV-1. Its ligand, stromal cell-derived f actor-lalpha (SDF-lalpha) , affects 
neuronal viability. GTP binding protein (G-protein) linked signaling 
after neuronal exposure to SDF-lalpha, virus-infected monocyte -derived 
macrophage (MDM) secretory products, and virus was determined. In both 
human and rat neurons, CXCR4 was expressed at high levels. SDF-lalpha/beta 
was detected predominantly in astrocytes and at low levels in MDM. 



SDF-lbeta/beta was expressed in HAD brain tissue and upregulated in 
astrocytes exposed to virus infected and/or immune activated MDM 
conditioned media (fluids) . HIV-l-inf ected MDM secretions, virus and 
SDF-lbeta induced a G inhibitory (Gi) protein-linked decrease in 
cyclic AMP (cAMP) and increase inositol 1,4, 5- trisphosphate (IP3) and 
intracellular calcium. Such effects were partially blocked by 
antibodies to CXCR4 or removal of virus from MDM fluids. Changes in 
G-protein-coupled signaling correlated, but were not directly linked, 
to increased neuronal synaptic transmission, Caspase 3 
activation and apoptosis. These data, taken together, suggest that 
CXCR4 -mediated signal transduction may be a potential mechanism for 
neuronal dysfunction during HAD. 

Aug 3 1999, 

. . . stromal cell-derived f actor-lalpha (SDF-lalpha) , affects neuronal 
viability. GTP binding protein (G-protein) linked signaling after 
neuronal exposure to SDF-lalpha, virus -infected monocyte -derived macrophage 
(MDM) secretory products... 

... HIV-l-inf ected MDM secretions, virus and SDF-lbeta induced a G 

inhibitory (Gi) protein-linked decrease in cyclic AMP (cAMP) and 

increase inositol 1,4, 5 -trisphosphate (IP3) and intracellular calcium. 

Such effects were partially blocked by antibodies to CXCR4 or removal 

of virus from MDM fluids. Changes in G-protein-coupled signaling 

correlated, but were not directly linked , to increased neuronal 

synaptic transmission, Caspase 3 activation and apoptosis. 

These data, taken together, suggest that CXCR4 -mediated signal transduction 

may be . . . 



12/3,K,AB/2 (Item 2 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 2003 The Dialog Corp. All rts . reserv. 

11869203 99310651 PMID : 10381525 

Caspase -mediated proteolysis and activation of protein kinase 
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Neutrophils undergo constitutive apoptosis when aged ex vivo. Recent 
studies have indicated roles for Fas/CD95 and the nicotinamide adenine 
dinucleotide phosphate (NADPH) -oxidase system in this process. We have 
investigated the role of protein kinase C (PKC) in neutrophil death. We 
show that there is proteolysis and activation of the novel isoform PKCdelta 
in aged neutrophils and that this process is accelerated by the addition of 
an agonistic Fas antibody . PKCdelta proteolysis occurs before the 
onset of any detectable features of apoptosis and pharmacologic inhibition 
of this enzyme inhibits neutrophil apoptosis. PKCdelta cleavage and 
activation is dependent on caspase -8/FADD-like interleukin-lbeta 
converting enzyme (FLICE) -mediated processing of caspase-3 
/ CPP32 . Neutrophil survival is prolonged by the addition of broad spectrum 
(BD.fmk) or caspase- 8 targeted (zIETD.fmk) peptide caspase 
inhibitors. Inhibition of PKCdelta does not prevent apoptosis triggered by 
factor withdrawal in immature hematopoietic cells, including normal human 
CD34 (+) progenitors indicating that within a given lineage, the mechanisms 
of apoptosis may be differentiation-stage-specific. Ex vivo aging of 
neutrophils leads to the increasing production of reactive oxygen species 



and this is attenuated in cells treated with either caspase or 
PKCdelta inhibitors. Proteolytically activated PKCdelta acts as a molecular 
link between the Fas/CD95 receptor and the NADPH-oxidase system and 
plays a central role in regulating the process of neutrophil apoptosis. 

Caspase -mediated proteolysis and activation of protein kinase 
Cdelta plays a central role in neutrophil apoptosis. 
Jul 1 1999, 

. . . aged neutrophils and that this process is accelerated by the addition 
of an agonistic Fas antibody. PKCdelta proteolysis occurs before the 
onset of any detectable features of apoptosis and pharmacologic inhibition 
of this enzyme inhibits neutrophil apoptosis. PKCdelta cleavage and 
activation is dependent on caspase -8/FADD-like interleukin-lbeta 
converting enzyme (FLICE) -mediated processing of caspase-3 
/ CPP32 . Neutrophil survival is prolonged by the addition of broad spectrum 
(BD.fmk) or caspase-8 targeted (zIETD.fmk) peptide caspase 
inhibitors. Inhibition of PKCdelta does not prevent apoptosis triggered by 
factor withdrawal in immature hematopoietic... 

. . . increasing production of reactive oxygen species and this is attenuated 
in cells treated with either caspase or PKCdelta inhibitors. 
Proteolytically activated PKCdelta acts as a molecular link between 
the Fas/CD95 receptor and the NADPH-oxidase system and plays a central role 
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Interf eron-gamma (IFN-gamma) induces various apoptosis-related proteins, 
including Fas antigen (Fas) in keratinocytes . Ultraviolet B (UVB) 
irradiation produces "sunburn cells," a specific type of apoptosis. 
Previously, we reported that IFN-gamma augments Fas-dependent apoptosis of 
SV40 -transformed human keratinocytes (SVHK cells) . Caspases are a new 
class of cysteine proteinases that play an important role in apoptosis. We 
investigated the mechanism of UVB-induced apoptosis by examining activation 
of the caspase cascade. UVB irradiation of SVHK cells increased the 
activities of caspases 1, 3, and 8, which were detected at 3 h, and 
peak activities occurred at 6 h. Pretreatment of SVHK cells with IFN-gamma 
significantly increased the activity of caspases 1, 3, and 8. 
UVB-induced caspase 8 stimulation was significantly suppressed only 
by caspase 8 inhibitor, while inhibitors of caspases 1, 3, and 
8 significantly suppressed UVB-induced caspase 1 stimulation. 



Caspase 3 and 8 inhibitors, but not caspase 1 inhibitor, 
significantly suppressed UVB-induced caspase 3 activity, 
suggesting sequential activation of caspases 8, 3, and 1 in 
UVB-irradiated SVHK cells. Cross-linking and immunoprecipitation 
analyses showed multimerization of Fas antigen following UVB irradiation of 
SVHK cells. Pretreatment of SVHK cells with IFN-gamma significantly 
augmented UVB-induced apoptosis that was accompanied by increased Fas 
expression. The susceptibility to UVB-induced apoptosis was also increased 
in Fas-transf ected SVHK cells (F2 cells) . Neutralizing anti-Fas 
antibody significantly suppressed caspase activation and 
Fas-dependent apoptosis of SVHK cells and F2 cells. In contrast, 
UVB-induced caspase activation and apoptosis were not inhibited by 
neutralizing anti-Fas antibody in both cell lines. Our results 
suggest that UVB directly activates Fas and subsequent caspase 
cascade resulting in apoptosis of SVHK cells. Furthermore, the expression 
level of Fas antigen in keratinocytes influenced their susceptibility to 
UVB-induced apoptosis. Copyright 1999 Academic Press. 

Fas antigen modulates ultraviolet B-induced apoptosis of SVHK cells: 
sequential activation of caspases 8, 3, and 1 in the apoptotic 
process . 

Jun 15 1999, 

reported that IFN-gamma augments Fas -dependent apoptosis of 
SV40-transf ormed human keratinocytes (SVHK cells) . Caspases are a new 
class of cysteine proteinases that play an important role in apoptosis. We 
investigated the mechanism of UVB-induced apoptosis by examining activation 
of the caspase cascade. UVB irradiation of SVHK cells increased the 
activities of caspases 1, 3, and 8, which were detected at 3 h, and 
peak activities occurred at 6 h. Pretreatment of SVHK cells with IFN-gamma 
significantly increased the activity of caspases 1, 3, and 8. 
UVB-induced caspase 8 stimulation was significantly suppressed only 
by caspase 8 inhibitor, while inhibitors of caspases 1, 3, and 
8 significantly suppressed UVB-induced caspase 1 stimulation. 
Caspase 3 and 8 inhibitors, but not caspase 1 inhibitor, 
significantly suppressed UVB-induced caspase 3 activity, 
suggesting sequential activation of caspases 8, 3, and 1 in 
UVB-irradiated SVHK cells. Cross-linking and immunoprecipitation 
analyses showed multimerization of Fas antigen following UVB irradiation of 
SVHK cells. Pretreatment... 

. . . induced apoptosis was also increased in Fas-transf ected SVHK cells (F2 
cells) . Neutralizing anti-Fas antibody significantly suppressed 
caspase activation and Fas -dependent apoptosis of SVHK cells and F2 
cells. In contrast, UVB-induced caspase activation and apoptosis were 
not inhibited by neutralizing anti-Fas antibody in both cell lines. 
Our results suggest that UVB directly activates Fas and subsequent 
caspase cascade resulting in apoptosis of SVHK cells. Furthermore, 
the expression level of Fas antigen in... 
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Dysregulation of CD95/Fas -mediated apoptosis has been implicated as a 
contributing factor in autoimmune disorders. Animal studies clearly have 
established a connection between mercury exposure and autoimmune disease in 
rodents, while case reports have suggested a link between accidental 
mercury contamination and autoimmune disease in humans. The mechanism(s) 
for these associations are poorly understood. Using the Jurkat cell model, 
we have found that low levels (</=10 &mgr;M) of inorganic mercury (i.e., 
HgCl2) attenuated anti-CD95 -mediated growth arrest and markedly enhanced 
cell survival. Several biochemical assays for apoptosis, including DNA 
degradation, poly (ADP-ribose) polymerase degradation, and 

phosphatidylserine externalization, directly verified that HgCl2 attenuated 
anti-CD95-mediated apoptosis. In an attempt to further characterize the 
effect of mercury on CD95 -mediated apoptosis, several signaling components 
of the CD95 death pathway were analyzed to determine whether HgC12 could 
modulate them. HgCl2 did not modulate CD95 expression; however, it did 
block CD95- induced caspase-3 activation. HgCl2 was not able to 
attenuate TNF-alpha-mediated apoptosis in U-937 cells, or 
ceramide-C6 -mediated apoptosis in Jurkat cells, suggesting that mercury 
acts upstream of, or does not involve, these signals. Thus, inorganic 
mercury specifically attenuates CD95 -mediated apoptosis likely by targeting 
a signaling component that is upstream of caspase-3 activation 
and downstream of CD95 . 



Jun 15 1999, 

...connection between mercury exposure and autoimmune disease in rodents, 
while case reports have suggested a link between accidental mercury 
contamination and autoimmune disease in humans. The mechanism (s) for these 
associations . . . 



...could modulate them. HgC12 did not modulate CD95 expression; however, it 
did block CD95-induced caspase-3 activation. HgC12 was not able 
to attenuate TNF-alpha-mediated apoptosis in U-937 cells... 
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. . . specifically attenuates CD95 -mediated apoptosis likely by targeting a 
signaling component that is upstream of caspase-3 activation 
and downstream of CD95 . 
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The mechanism of liver cell injury induced by an overdose of the 
analgesic acetaminophen (AAP) remains controversial. Recently, it was 
hypothesized that a significant number of hepatocytes die by apoptosis. 
Since caspases have been implicated as critical signal and effector 
proteases in apoptosis, we investigated their potential role in the 
pathophysiology of AAP-induced liver injury. Male C3Heb/FeJ mice were 
fasted overnight and then treated with 500 mg/kg AAP. Liver injury became 
apparent at 4 h and was more severe at 6 h (plasma ALT activities: 4110 +/- 
320 U/liter; centrilobular necrosis) . DNA fragmentation increased parallel 
to the increase of plasma ALT values. At 6 h there was a 420% increase of 
DNA fragmentation and a 74 -fold increase of terminal deoxynucleotidyl 
transf erase-mediated dUTP nick-end labeling (TUNEL) -positive cells located 
predominantly around central veins. However, the activity of the 
proapoptotic caspase-3 was not increased at any time after AAP. 
In contrast, injection of the anti-Fas antibody Jo-2 (positive 
control) caused a 28-fold increase of caspase-3 activity and 
severe DNA fragmentation before significant ALT release. Treatment with the 
caspase inhibitor ZVAD-CHF2 had no effect on AAP toxicity but 
completely prevented Jo-mediated apoptosis. In contrast, Jo- induced 
caspase activation and apoptosis could be inhibited by AAP treatment 
in a time- and dose -dependent manner. We conclude that AAP-induced DNA 
fragmentation does not involve caspases , suggesting a direct 
activation of endonucleases through elevated Ca2+ levels. In addition, 
electrophilic metabolites of AAP may inactivate caspases or their 
activation pathway. This indicates that AAP metabolism has the potential to 
inhibit signal transduction mechanisms of receptor-mediated apoptosis. 
Copyright 1999 Academic Press. 

Inhibition of Fas receptor (CD95) -induced hepatic caspase 
activation and apoptosis by acetaminophen in mice. 
May 1 1999, 

...controversial. Recently, it was hypothesized that a significant number 
of hepatocytes die by apoptosis. Since caspases have been implicated 
as critical signal and effector proteases in apoptosis, we investigated 
their potential. . . 

. . . labeling (TUNEL) -positive cells located predominantly around central 
veins. However, the activity of the proapoptotic caspase-3 was 
not increased at any time after AAP. In contrast, injection of the anti-Fas 
antibody Jo-2 (positive control) caused a 28-fold increase of 
caspase-3 activity and severe DNA fragmentation before 
significant ALT release. Treatment with the caspase inhibitor 
ZVAD-CHF2 had no effect on AAP toxicity but completely prevented 
Jo-mediated apoptosis. In contrast, Jo-induced caspase activation and 
apoptosis could be inhibited by AAP treatment in a time- and dose -dependent 
manner. We conclude that AAP-induced DNA fragmentation does not involve 
caspases , suggesting a direct activation of endonucleases through 
elevated Ca2+ levels. In addition, electrophilic metabolites of AAP may 



inactivate caspases or their activation pathway. This indicates that 
AAP metabolism has the potential to inhibit signal... 
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Fas and Fas ligand (FasL) have been found both in lymphoid and in 
non-lymphoid malignancies, and are thought to play a role in the interplay 
between tumors and the immune system. Here we investigated Fas/FasL 
expression, function and intracellular signalling pathways in human 
melanomas. Of 5 melanoma cell lines, 3 expressed Fas at their surface, and 
all of them expressed FasL. FasL was functional, since it triggered 
Fas-induced apoptosis of human T lymphocytes clones. Conversely, cross- 
linking of Fas molecule with a specific monoclonal antibody 
failed to induce apoptosis in any of the melanomas tested, or ceramide 
intracellular accumulation or caspase-3 activation, pointing to 
an early alteration in the Fas-triggered signaling cascade. All melanomas 
retained the ability to undergo apoptosis induced by cytotoxic lymphocytes, 
which was mediated by the granule exocytosis mechanism. This suggests that 
melanoma cells evade immune -mediated Fas -triggered apoptosis via a 
selective blockade of the Fas apoptotic pathway. Cytotoxic lymphocytes, 
however, may circumvent tumor resistance to Fas -induced death via 
granzyme-mediated apoptosis, further supporting the development of 
immunotherapeutic strategies in the treatment of cancer. 

May 17 1999, 

. . . was functional, since it triggered Fas-induced apoptosis of human T 
lymphocytes clones. Conversely, cross-linking of Fas molecule with a 
specific monoclonal antibody failed to induce apoptosis in any of the 
melanomas tested, or ceramide intracellular accumulation or caspase- 
3 activation, pointing to an early alteration in the Fas-triggered 
signaling cascade. All melanomas retained... 
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The chimeric oncogene bcr-abl is detected in virtually every case 
of chronic myelogenous leukemia. It has been shown that cells (such as 
K562) expressing Bcr-Abl/p210 , a protein tyrosine kinase, not only undergo 
cellular transformation but also demonstrate multiple drug resistance. 
Recent studies also demonstrate that the proteasome is involved in the 
survival signaling pathway(s). In the current study, we tested the 
hypothesis that the proteasome might play a role in regulating Bcr-Abl 
function. We have demonstrated by using a variety of inhibitors that 
inhibition of the proteasome, but not of the cysteine protease, activity is 
able to activate the apoptotic cell death program in K562 cells. Proteasome 
inhibition-induced apoptosis is demonstrated by condensation and 
fragmentation of nuclei, appearance of an apoptotic population with sub-Gl 
DNA content, the internucleosomal fragmentation of DNA, and cleavage of 
poly (ADP-ribose) polymerase, and can be blocked by a specific caspase 
-3 -like tetrapeptide inhibitor. Western blot analysis with specific 
antibodies to c-Abl and Bcr proteins show that treatment of K562 
cells with a proteasome inhibitor results in significant reduction of 
Bcr-Abl protein expression, which occurs several hours before the onset of 
apoptotic execution. Levels of c-Abl/pl45 and Bcr/pl60 proteins, however, 
remain essentially unaltered at that time. Furthermore, reduced Bcr-Abl 
expression is reflected in significantly attenuated Bcr-Abl -mediated 
protein tyrosine phosphorylation. Taken together, these results indicate 
that proteasome inhibition is sufficient to inactivate Bcr-Abl function and 
subsequently activate the apoptotic death program in cells that are 
resistant to apoptosis induced by chemotherapy. 

May 1999, 
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... DNA, and cleavage of poly (ADP-ribose) polymerase, and can be blocked by 
a specific caspase-3 -like tetrapeptide inhibitor. Western blot 
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treatment of K562 cells with a proteasome... 

Descriptors : Apoptosis ; *Cysteine Endopeptidases - -metabolism- -ME ; 
♦Cysteine Proteinase Inhibitors - -pharmacology- -PD; *Fusion Proteins, 
bcr-abl- -biosynthesis --BI; *Leukemia, Myeloid, Chronic- -pathology- -PA; 
*Multienzyme Complexes- -metabolism- -ME ; Blotting, Western; Caspases 
- -metabolism- -ME ; Caspases - -physiology- -PH; Cell Nucleus 

--ultrastructure--UL; DNA Fragmentation; Enzyme Activation- -physiology- -PH; 
Flow Cytometry; Leupeptins . . . 

...Enzyme No.: 1.112 (Protein-Tyrosine Kinase); EC 3.4.22 (Cysteine 
Endopeptidases); EC 3.4.22.- (Caspases); EC 3.4.99.46 

(multicatalytic endopeptidase complex) 

Chemical Name: Cysteine Proteinase Inhibitors; Fusion Proteins, 
bcr-abl; Leupeptins; Multienzyme Complexes; carbobenzoxy-leucyl-leucyl-norv 
alinal; Protein-Tyrosine Kinase; Cysteine Endopeptidases; Caspases; 
multicatalytic endopeptidase complex 



12/3,K,AB/8 



(Item 8 from file: 155) 



DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 2003 The Dialog Corp. All rts. reserv. 

11739362 99176432 PMID : 10078546 

Essential role of caspase-3 in apoptosis of mouse beta-cells 
transfected with human Fas. 

Yamada K; Ichikawa F; Ishiyama-Shigemoto S; Yuan X; Nonaka K 

Department of Medicine, Kurume University School of Medicine, Japan. 
yamada@med . kurume -u.ac.jp 

Diabetes (UNITED STATES) Mar 1999, 48 (3) p478-83, ISSN 
0012-1797 Journal Code: 0372763 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type : Completed 

Several recent studies have indicated that the Fas -Fas ligand system may 
be critical for pancreatic beta-cell destruction in type 1 diabetes. 
Although the fundamental roles of caspases in the mammalian apoptotic 
machinery have been elucidated, it is not known which caspase or 
caspases play a major role in Fas-mediated apoptosis of beta-cells. 
In this study, we transfected human Fas cDNA into a mouse beta-cell line 
(betaTCl) and established a beta-cell clone expressing human Fas. This 
clone, designated hFas/betaTCl , underwent apoptosis when exposed to 
anti-Fas, showing hallmarks of apoptosis (chromatin condensation, nucleolar 
disintegration, internucleosomal DNA fragmentation, and annexin V 
staining) , indicating that the mouse beta-cell line has the intact 
machinery of Fas-mediated apoptosis. The cross-linking of Fas by 
anti-Fas resulted in the elevation of caspase-3 -like,* but not 
caspase -1-like, protease activity 2-12 h after the addition of the 
anti-Fas. A caspase-3 inhibitor, Z-Asp-Glu-Val-Asp-f luoromethyl 
ketone, attenuated the Fas-mediated beta-cell apoptosis, while a 
caspase -1 inhibitor, acetyl -Tyr-Val-Ala-Asp-chloromethylketone, 
failed to suppress the apoptosis. Thus the Fas-induced death signal 
apparently bypassed caspase-1 in the cells. Furthermore, an antisense 
caspase-3 construct blocked caspase-3 activation 

and substantially suppressed Fas-triggered apoptosis of hFas/betaTCl cells. 
These observations suggest the essential role of caspase-3 in 
Fas-mediated apoptosis of the beta-cell line. 

Essential role of caspase-3 in apoptosis of mouse beta-cells 
transfected with human Fas. 
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... critical for pancreatic beta-cell destruction in type 1 diabetes. 
Although the fundamental roles of caspases in the mammalian apoptotic 
machinery have been elucidated, it is not known which caspase or 
caspases play a major role in Fas-mediated apoptosis of beta-cells. 
In this study, we . . . 

. . . the mouse beta-cell line has the intact machinery of Fas-mediated 
apoptosis. The cross -linking of Fas by anti-Fas resulted in the 
elevation of caspase-3-like, but not caspase-l-like, 

protease activity 2-12 h after the addition of the anti-Fas. A 
caspase - 3 inhibitor , Z - Asp -Glu- Val -Asp - f luoromethyl ketone , 
attenuated the Fas -mediated beta-cell apoptosis, while a caspase-1 
inhibitor, acetyl-Tyr-Val-Ala-Asp-chloromethylketone , failed to suppress 
the apoptosis. Thus the Fas-induced death signal apparently bypassed 
caspase-1 in the cells. Furthermore, an antisense caspase- 
3 construct blocked caspase-3 activation and 

substantially suppressed Fas-triggered apoptosis of hFas/betaTCl cells. 
These observations suggest the essential role of caspase-3 in 
Fas-mediated apoptosis of the beta-cell line. 
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Jurkat cells express Fas, and rapidly undergo apoptosis in response to 
Fas ligand or an agonistic anti-Fas antibody. This apoptotic pathway 
is mediated by a cascade of caspases. In this report, we show that 
Fas activation induced the processing of caspase 8 in Jurkat cells 
with a time frame similar to the activation of caspase 3 and 
t the proteolysis of nuclear proteins. Jurkat cell transf ormants that 

overexpress Bcl-2 were partially but not completely resistant to the 
Fas-induced apoptosis. Little processing of caspase 8 was observed 
upon Fas activation in these transf ormants . Furthermore, although 
caspase 8 was recruited to Fas upon Fas activation in the parental 
Jurkat cells, the recruitment of caspase 8 to Fas was inhibited in 
the transformants overexpressing Bcl-2. These results suggest that Bcl-2 
inhibits Fas -induced apoptosis by preventing the formation of the 
death- inducing signaling complex that is composed of Fas, FADD/M0RT1, and 
caspase 8 . 

Nov 19 1998, 

. . . Fas, and rapidly undergo apoptosis in response to Fas ligand or an 
agonistic anti-Fas antibody. This apoptotic pathway is mediated by a 
cascade of caspases . In this report, we show that Fas activation 
induced the processing of caspase 8 in Jurkat cells with a time frame 
similar to the activation of caspase 3 and the proteolysis of 
nuclear proteins. Jurkat cell transformants that overexpress Bcl-2 were 
partially but not completely resistant to the Fas-induced apoptosis. Little 
processing of caspase 8 was observed upon Fas activation in these 
transformants. Furthermore, although caspase 8 was recruited to Fas 
upon Fas activation in the parental Jurkat cells, the recruitment of 
caspase 8 to Fas was inhibited in the transformants overexpressing 
Bcl-2. These results suggest that... 

. . . formation of the death- inducing signaling complex that is composed of 
Fas, FADD/M0RT1, and caspase 8. 
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In this study we show that TRAIL (tumor necrosis factor-related 
apoptosis- inducing ligand) , also called Apo2L, activates the c-Jun 
N-terminal kinase (JNK) . Interestingly, TRAIL-induced JNK activation occurs 
in a cell type-specific manner. In HeLa cells, TRAIL-induced JNK activation 
can be completely blocked with the cysteine protease inhibitor zVAD-fmk, 
whereas the same inhibitor has no, or even a stimulatory, effect on JNK 
activation in Kym-1 cells. Hence, TRAIL can engage at least two independent 
pathways leading to JNK activation, one that is cysteine protease -dependent 
and one that is cysteine protease - independent . To investigate whether the 
cysteine protease -dependent signaling of TRAIL leading to JNK activation is 
related to the apoptotic pathway engaged by this ligand, we investigated 
HeLa cells stably overexpressing a dominant negative mutant of FADD 
(Fas-associating protein with death domain) (GFP (green fluorescent 
protein) DeltaFADD) . In these cells, TRAIL-induced cell death and activation 
of the apoptosis executioner caspase-8 (FLICE/MACH) and caspase 
-3 (YAMA, CPP-32, Apopain) , that belong to caspase subfamily of 
cysteine proteases, were abrogated, whereas JNK activation remained 
unaffected and was still sensitive toward z-VAD-fmk. Similar data were 
found in HeLa cells overexpressing Apol/Fas and GF PDe 1 1 a FADD upon 
stimulation with agonistic antibodies. These data suggest that cross- 
linking of the TRAIL receptors and Apol/Fas, respectively, engages a 
FADD -dependent pathway leading to the activation of apoptotic 
caspases and, in parallel, a FADD- independent pathway leading to the 
stimulation of one or more cysteine proteases capable to activate JNK but 
not sufficient for the induction of cell death. 

TRAIL/Apo2L activates c-Jun NH2 -terminal kinase (JNK) via caspase 
-dependent and caspase- independent pathways. 
Dec 4 1998, 

... protein) DeltaFADD) . In these cells, TRAIL-induced cell death and 
activation of the apoptosis executioner caspase-8 (FLICE/MACH) and 
caspase-3 (YAMA, CPP-32, Apopain), that belong to caspase 

subfamily of cysteine proteases, were abrogated, whereas JNK activation 
remained unaffected and was still sensitive... 

. . . data were found in HeLa cells overexpressing Apol/Fas and GFPDeltaFADD 
upon stimulation with agonistic antibodies. These data suggest that 
cross-linking of the TRAIL receptors and Apol/Fas, respectively, 
engages a FADD -dependent pathway leading to the activation of apoptotic 
caspases and, in parallel, a FADD -independent pathway leading to the 
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The PML gene of acute promyelocytic leukaemia (APL) encodes a cell growth 
and tumour suppressor, however, the mechanisms by which PML suppresses 
tumorigenesis are poorly understood. We show here that Pml is required for 
Fas- and caspase -dependent DNA-damage- induced apoptosis. We also 
found that Pml is essential for induction of programmed cell death by Fas, 
tumour necrosis factor alpha (TNF) , ceramide and type I and II interferons 
(IFNs) . As a result, Pml-/- mice and cells are protected from the lethal 
effects of ionizing radiation and anti-Fas antibody. Pml is required 
for caspase 1 and caspase 3 activation upon exposure to 
these stimuli. The PML-RAR alpha fusion protein of APL renders 
haemopoietic progenitor cells resistant to Fas-, TNF- and IFN-induced 
apoptosis with a lack of caspase 3 activation, thus acting as a 
Pml dominant -negative product. These results demonstrate that Pml is a 
mediator of multiple apoptotic signals, and implicate inhibition of 
apoptosis in the pathogenesis of APL. 

Nov 1998, 

... suppresses tumorigenesis are poorly understood. We show here that Pml 
is required for Fas- and caspase -dependent DNA-damage -induced 
apoptosis. We also found that Pml is essential for induction of... 

. . . mice and cells are protected from the lethal effects of ionizing 
radiation and anti-Fas antibody. Pml is required for caspase 1 
and caspase 3 activation upon exposure to these stimuli. The 
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product. These results demonstrate that Pml is... 
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Apoptosis or programmed cell death is essential in the process of 
controlling lymphocyte growth and selection. We identified proteins that 
are involved in anti-IgM antibody-mediated apoptosis using a subclone 
of the human Burkitt lymphoma cell line BL60. Apoptosis-associated proteins 
were detected by high resolution two-dimensional gel electrophoresis on a 
micropreparative scale. Comparison of the high resolution two-dimensional 
gel electrophoresis protein patterns from apoptotic and non-apoptotic cells 
showed differences in approximately 80 spots including protein 
modifications. Analysis of the predominantly altered proteins was performed 
by internal Edman microsequencing and/or by peptide mass fingerprinting 
using matrix-assisted laser desorption/ionization mass spectrometry. 
Analysis was significantly improved by using new micropreparative high 
resolution two-dimensional gels employing high protein concentrations. The 
following 12 apoptosis-associated proteins were identified: heterogeneous 
nuclear ribonucleoprotein (hnRNP) Al, hnRNP C1/C2, FUSE-binding 
protein, dUTPase, lymphocyte -specific protein LSP1, UV excision repair 
protein RAD23 homologue B (HHR23B) , 60 S acidic ribosomal protein P0 
(L10E) , heterochromatin protein 1 homologue alpha (HPlalpha) , nucleolin, 
lamin, neutral calponin, and actin. Fragmentation of actin, hnRNP Al, hnRNP 
C1/C2, 60 S acidic ribosomal protein P0, lamin, and nucleolin could be 
inhibited by benzyloxycarbonyl-Asp (OMe) -Glu(OMe) -Val-Asp (OMe) -f luoromethyl 
ketone, a selective irreversible inhibitor of CPP32 (caspase 3 
) . 

... proteins in a human Burkitt lymphoma cell line. Cleavage of 
heterogeneous nuclear ribonucleoprotein Al by caspase 3. 
Oct 23 1998, 
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Therapeutic preparations of normal human IgG for i.v. use (i.v.Ig) 
exhibit a broad spectrum of immunoregulatory activities in vitro and in 
vivo. I.v.Ig has been shown to inhibit the proliferation of activated B and 
T lymphocytes and of several autonomously growing cell lines. In this 
study, we demonstrate that i.v.Ig induces apoptosis in leukemic cells of 
lymphocyte and monocyte lineage and in CD40-activated normal tonsillar B 
cells, involving, at least in part, Fas (CD95/APO-1) and activation of 
caspases . I .v. Ig- induced apoptosis was higher in Fas-sensitive HuT78 
cells than in Fas-resistant HuT78.Bl mutant cells, and soluble Fas 
inhibited IVIg-induced apoptosis. I.v.Ig immunoprecipitated Fas from 
Fas-expressing transf ectants and recognized purified Fas/glutathione-S-tran 
sf erase fusion proteins upon immunoblotting. Affinity-purified 
anti-Fas Abs from i.v.Ig induced apoptosis of CEM T cells at a 120-fold 
lower concentration than unf ractionated i.v.Ig. Inhibitors of cysteine 
proteases of the caspase family, caspase 1 (IL-lbeta-converting 
enzyme) and caspase 3 (Yama/CPP32b) , partially inhibited 
i .v. Ig- induced apoptosis of CEM cells. Furthermore, cleavage of 
poly (A)DP-ribose polymerase into an 85-kDa signature death fragment was 
observed in CEM cells following i.v.Ig treatment. Thus, normal IgG induces 
apoptosis in lymphocytes and monocytes. Our results provide evidence for a 
role of Fas, bring new insights into the mechanisms of action of i.v.Ig in 
autoimmune diseases, and suggest a role of normal Ig in controlling cell 
death and proliferation. 

Oct 1 1998, 
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cysteine proteases of the caspase family, caspase 1 
(IL-lbeta-converting enzyme) and caspase 3 (Yama/CPP32b) , 
partially inhibited i .v. Ig- induced apoptosis of CEM cells. Furthermore, 
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Apoptosis, often also termed "programmed cell death", occurs in normal 
development in the brain and spinal cord. Important to concepts of disease 
and potential intervention is the exciting finding that apoptosis is also 
found after neurotrauma and in a number of neurodegenerative diseases. 
Although the precise mechanism of neuronal cell loss remains unknown, much 
emphasis has been placed recently on the activation of cell death protease 
cascades within the cell. How these cascades may be activated, especially 
from extracellular influences, is currently poorly understood. Thrombin, 
the multifunctional coagulation protease, is an early phase modulator at 
sites of tissue injury and has been shown to induce cell death in neurons 
by an apoptotic mechanism by activating its receptor, PAR-1. Using a model 
motor neuronal cell line, NSC19, which we have shown undergoes apoptosis 
after treatment with classic apoptosis inducers such as the topoisomerase 
inhibitors camptothecin and etoposide, we unambiguously found that 
nanomolar thrombin induced characteristic signs of apoptosis. Strikingly, 
endonucleo lysis was accompanied by an increase in caspase-3 
-like activity in cellular extracts, which correlated with both detection 
of caspase -induced signature cleavage of the cortical cytoskeleton 
component nonerythroid spectrin (alpha-f odrin) and identification of 
increased accessibility of a caspase cleavage domain, using an 
antibody (Abl2 7) made against a synthetic peptide KGDEVD. 
Demonstrating that thrombin activation of death proteases was linked 
to cell death, we were able to inhibit thrombin- induced apoptosis by using 
a caspase family inhibitor, benzyloxycarbonyl-Asp- (oMe) -f luoromethyl 
ketone (Boc-D-FMK) . These novel results demonstrate that thrombin serves as 
an extracellular "death signal" to activate intracellular protease 
pathways. These pathways lead to apoptotic cell death and can be modulated 
by inhibiting caspase activity downstream to PAR-1. 

Jul 1998, 

... nanomolar thrombin induced characteristic signs of apoptosis. 
Strikingly, endonucleolysis was accompanied by an increase in caspase 
-3 -like activity in cellular extracts, which correlated with both 
detection of caspase -induced signature cleavage of the cortical 
cytoskeleton component nonerythroid spectrin (alpha-f odrin) and 
identification of increased accessibility of a caspase cleavage 
domain, using an antibody (Abl27) made against a synthetic peptide 
KGDEVD. Demonstrating that thrombin activation of death proteases was 
linked to cell death, we were able to inhibit thrombin- induced 



apoptosis by using a caspase family inhibitor, 

benzyloxycarbonyl-Asp- (oMe) -f luoromethyl ketone (Boc-D-FMK) . These novel 
results demonstrate that. . . 

... protease pathways. These pathways lead to apoptotic cell death and can 
be modulated by inhibiting caspase activity downstream to PAR-1. 
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Although the available evidence suggests that whereas the caspase 
family plays a major role in apoptosis, they are not the sole stimulators 
of death. A random yeast two-hybrid screen of a lymphocyte cDNA library 

(using caspase-3 as the bait) found an interaction between 
caspase- 3 and the regulatory subunit Aalpha of protein 
phosphatase 2A. This protein was found to be a substrate for caspase- 
3, but not caspase -1, and could compete effectively against 
either a protein or synthetic peptide substrate. In Jurkat cells induced to 
undergo apoptosis with anti-Fas antibody , protein phosphatase 2A 

(PP2A) activity increased 4.5-fold after 6 h. By 12 h, the regulatory 
Aalpha subunit could no longer be detected in cell lysates. There was no 
change in the amount of the catalytic subunit. The effects on PP2A could be 
prevented by the caspase family inhibitors acetyl -Asp-Glu-Val -Asp 

(DEVD) aldehyde or Ac-DEVD f luoromethyl ketone. The mitogen-activated 
protein (MAP) kinase pathway is regulated by PP2A. At 12 h after the 
addition of ant i -Fas antibody , a decrease in the amount of the 
phosphorylated forms of MAP kinase was observed. Again, this loss of 
activated MAP kinase could be prevented by the addition of DEVD-cho or 
DEVD-fmk. These data are consistent with a pathway whereby induction of 
apoptosis activates caspase-3 . This enzyme then cleaves the 
regulatory Aalpha subunit of PP2A, increasing its activity. These data show 
that the activated PP2A will then effect a change in the phosphorylation 
state of the cell. These data provide a link between the 
caspases and signal transduction pathways. 

Regulation of protein phosphatase 2A activity by caspase-3 
during apoptosis. 
May 22 1998, 

Although the available evidence suggests that whereas the caspase 
family plays a major role in apoptosis, they are not the sole stimulators 
of death. A random yeast two-hybrid screen of a lymphocyte cDNA library 
(using caspase-3 as the bait) found an interaction between 
caspase-3 and the regulatory subunit Aalpha of protein 
phosphatase 2A. This protein was found to be a substrate for caspase- 
3, but not caspase -1, and could compete effectively against 
either a protein or synthetic peptide substrate. In Jurkat cells induced to 
undergo apoptosis with anti-Fas antibody , protein phosphatase 2A 
(PP2A) activity increased 4.5-fold after 6 h. By 12 h. . . 



... the amount of the catalytic subunit. The effects on PP2A could be 
prevented by the caspase family inhibitors acetyl -Asp-Glu-Val -Asp 
(DEVD) aldehyde or Ac-DEVD fluoromethyl ketone. The... 

. . . kinase pathway is regulated by PP2A, At 12 h after the addition of 
anti-Fas antibody , a decrease in the amount of the phosphorylated 
forms of MAP kinase was observed. Again... 

... or DEVD-fmk. These data are consistent with a pathway whereby induction 
of apoptosis activates caspase-3. This enzyme then cleaves the 
regulatory Aalpha subunit of PP2A, increasing its activity. These data... 

... then effect a change in the phosphorylation state of the cell. These 
data provide a link between the caspases and signal 
transduction pathways . 
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Apoptosis (programmed cell death) is instrumental in the process of 
controlling lymphocyte growth and selection. Negative selection, mediated 
by surface IgM (slgM) signaling after encountering self antigen, eliminates 
autoreactive B cells. To identify proteins which are potentially involved 
in anti-IgM-mediated apoptosis, we used an anti-IgM-sensitive subclone of 
the human Burkitt lymphoma cell line BL60. After anti-IgM treatment and 
separation of apoptosis-committed cells, we performed high resolution 
two-dimensional gel electrophoresis (2 -DE) . Comparison of the 2 -DE protein 
patterns from apoptotic and non-apoptotic cells showed differences in 
approximately 80 spots. Subsequent analysis of these proteins was performed 
by mass spectrometry and Edman microsequencing. We report that one of these 
spots which disappears after slgM cross -linking turned out to be 
D4-GDI. D4-GDI is an abundant hematopoietic cell GDP dissociation inhibitor 
for the Ras-related Rho family GTPase. D4-GDI was rapidly truncated to a 
23-kDa fragment in BL60 cells. By using a Rho-GDI -specif ic antiserum, which 
cross-reacts with D4-GDI, we observed the onset of cleavage after 8 h of 
stimulation with anti-IgM. Cleavage and apoptosis could be completely 
inhibited by z-DEVD-fmk, a selective irreversible inhibitor of CPP32 ( 
caspase-3 ) , whereas ac-YVAD-cmk, an inhibitor for 
interleukin-lbeta-converting enzyme-like proteases, did not block cleavage 
of D4-GDI or apoptosis. Our results revealed the functional importance of 
caspases and a new target protein in the process of anti-IgM-mediated 
apoptosis . 

Jan 1998, 

. . . and Edman microsequencing. We report that one of these spots which 
disappears after slgM cross -linking turned out to be D4-GDI. D4-GDI 
is an abundant hematopoietic cell GDP dissociation. . . 

... apoptosis could be completely inhibited by z-DEVD-fmk, a selective 
irreversible inhibitor of CPP32 (caspase-3 ) , whereas 



ac-YVAD-cmk, an inhibitor for interleukin-lbeta-converting enzyme -like 
proteases, did not block cleavage of D4-GDI or apoptosis. Our results 
revealed the functional importance of caspases and a new target 
protein in the process of anti-IgM-mediated apoptosis. 
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The Bcl-2 family member Bcl-xL has often been correlated with apoptosis 
resistance. We have shown recently that in peripheral human T cells 
resistance to CD95 -mediated apoptosis is characterized by a lack of 
caspase -8 recruitment to the CD95 death -inducing signaling complex 

(DISC) and by increased expression of Bcl-xL (Peter, M. E., Kischkel, F . 
C, Scheuerpf lug, C. G., Medema, J. P., Debatin, K.-M., and Krammer, P. H. 

(1997) Eur. J. Immunol. 27, 1207-1212). This raises the possibility that 
Bcl-xL directly prevents caspase- 8 activation by the DISC. To test 
this hypothesis a cell line in which CD95 signaling was inhibited by 
overexpression of Bcl-xL was used. In these MCF7-Fas-bcl-xL cells Bcl-xL 
had no effect on the recruitment of caspase- 8 to the DISC. It did not 
affect the activity of the DISC nor the generation of the caspase-8 
active subunits pl8 and plO. In contrast, cleavage of a typical substrate 
for caspase-3-like proteases, poly (ADP-ribose) polymerase, was 
inhibited in comparison with the control-transf ected CD95-sensitive 
MCF7-Fas cells. To test whether Bcl-xL would inhibit active caspase-8 
subunits in the cytoplasm, a number of immunoprecipitation experiments were 
performed. Using monoclonal antibodies directed against different 
domains of caspase-8, anti -Bcl-xL antibodies, or fusion 

proteins of glutathione S-transf erase with different domains of 
caspase -8, no evidence for a direct or indirect physical interaction 
between caspase -8 and Bcl-xL was found. Moreover, overexpression of 
Bcl-xL did not inhibit the activity of the caspase-8 active subunits 
pl8/pl0. Therefore, in this cell line that has become resistant to 
CD95-induced apoptosis due to overexpression of Bcl-xL, Bcl-xL acts 
independently and downstream of caspase-8. 

Bcl-xL acts downstream of caspase -8 activation by the CD95 
death-inducing signaling complex. 
Feb 6 1998, 

. . . peripheral human T cells resistance to CD95-mediated apoptosis is 
characterized by a lack of caspase -8 recruitment to the CD95 
death- inducing signaling complex (DISC) and by increased expression of... 

...Eur. J. Immunol. 27, 1207-1212). This raises the possibility that Bcl-xL 



directly prevents caspase -8 activation by the DISC. To test this 
hypothesis a cell line in which CD95 . . . 

...these MCF7-Fas-bcl-xL cells Bcl-xL had no effect on the recruitment of 
caspase-8 to the DISC. It did not affect the activity of the DISC nor 
the generation of the caspase -8 active subunits pl8 and plO . In 
contrast, cleavage of a typical substrate for caspase-3 -like 
proteases, poly (ADP-ribose) polymerase, was inhibited in comparison with 
the control -transf ected CD95-sensitive MCF7-Fas cells. To test whether 
Bcl-xL would inhibit active caspase-8 subunits in the cytoplasm, a 
number of immunoprecipitation experiments were performed. Using monoclonal 
antibodies directed against different domains of caspase-8, 
anti-Bcl-xL antibodies, or fusion proteins of glutathione 
S-transf erase with different domains of caspase-8, no evidence for a 
direct or indirect physical interaction between caspase-8 and Bcl-xL 
was found. Moreover, overexpression of Bcl-xL did not inhibit the activity 
of the caspase -8 active subunits pl8/pl0. Therefore, in this cell 
line that has become resistant to. . . 

induced apoptosis due to overexpression of Bcl-xL, Bcl-xL acts 
independently and downstream of caspase-8. 
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Endopeptidases) ; EC 3.4.22.- (caspase 8) 
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Cleavage causes loss of transamidating function and is a biochemical marker 
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Tissue transglutaminase (tTG) is a Ca2+- dependent cross-linking 
enzyme that participates in the apoptotic machinery by irreversibly 
assembling a protein scaffold that prevents the leakage of intracellular 
components. In the present study a single-chain antibody fragment 
(scFv) detecting tTG is described. We demonstrate that TG/F8 scFv, selected 
from a phase display library of human V-gene segments by binding to 
guinea-pig liver tTG, can react with human tTG both in Western blot and in 
immunohistochemistry . The specific detection of tTG by TG/F8 in human 
thymocytes is verified by mass spectrometric analysis of the purified 
protein. Furthermore, we demonstrate that in lymphoid cells tTG is cleaved 
by caspase 3 during the late phase of apoptotic death, 
concomitant to DNA fragmentation, and that such cleavage causes loss of 
cross -linking function. We propose tTG cleavage as a valuable 
biochemical marker of caspase 3 activation during the late 
execution phase of apoptosis. 

Tissue transglutaminase is a caspase substrate during apoptosis. 
Cleavage causes loss of transamidating function and is a biochemical marker 
of caspase 3 activation. 
Oct 1999, 



Tissue transglutaminase (tTG) is a Ca2+ -dependent cross -linking 
enzyme that participates in the apoptotic machinery by irreversibly 
assembling a protein scaffold that prevents the leakage of intracellular 
components. In the present study a single-chain antibody fragment 
(scFv) detecting tTG is described. We demonstrate that TG/F8 scFv, selected 
from a . . . 

... of the purified protein. Furthermore, we demonstrate that in lymphoid 

cells tTG is cleaved by caspase 3 during the late phase of 

apoptotic death, concomitant to DNA fragmentation, and that such cleavage 

causes loss of cross -linking function. We propose tTG cleavage as a 

valuable biochemical marker of caspase 3 activation during the 

late execution phase of apoptosis . 
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The human monoclonal antibody SC-1 induces apoptosis of stomach 
carcinoma cells and is currently used in a clinical Phase II trial. The 
antibody binds to a target molecule that is preferentially expressed 
on diffuse- and intestinal-type stomach cancer cells and shows a very 
restricted expression on other normal and malignant tissues. In this paper, 
we show that the SC-1 receptor is a stomach carcinoma-associated isoform of 
CD55 [membrane -bound decay-accelerating factor (DAF) -B] with a relative 
molecular mass of approximately 82 kDa. The antigenic site of SC-1 is an N- 
linked carbohydrate residue. Cross-linking of the DAF receptor 
increases apoptotic activity. SC-1 binding induces tyrosine phosphorylation 
of three proteins of approximately 60, 75, and 110 kDa, whereas a serine 
residue of an approximately 35-kDa protein is dephosphorylated. Expression 
of caspase-3 (CPP32) and caspase-8 (FLICE) is elevated, 
and activation of these caspases occurs. These data show that a 
tumor-specific variant form DAF is involved in apoptosis and can be used 
for adjuvant therapeutical purposes on gastric carcinoma. 

Characterization of glycosylphosphatidylinositol -linked molecule 
CD55/decay-accelerating factor as the receptor for antibody 
SC-l-induced apoptosis. 
Oct 15 1999, 

The human monoclonal antibody SC-1 induces apoptosis of stomach 
carcinoma cells and is currently used in a clinical Phase II trial. The 
antibody binds to a target molecule that is preferentially expressed 
on diffuse- and intestinal-type stomach... 



. . .molecular mass of approximately 82 kDa. The antigenic site of SC-1 is an 
N-linked carbohydrate residue. Cross-linking of the DAF 
receptor increases apoptotic activity. SC-1 binding induces tyrosine 
phosphorylation of three... 

. . . kDa, whereas a serine residue of an approximately 35-kDa protein is 

dephosphorylated. Expression of caspase-3 (CPP32) and 

caspase-8 (FLICE) is elevated, and activation of these caspases 

occurs. These data show that a tumor-specific variant form DAF is involved 

in apoptosis . . . 
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ABSTRACT: The Bcl-2 family member Bcl-x|L has often been correlated with 
apoptosis resistance. We have shown recently that in peripheral human T 
cells resistance to CD95-mediated apoptosis is characterized by a lack of 
caspase-8 recruitment to the CD95 death- inducing signaling complex 
(DISC) and by increased expression of Bcl-x|L (Peter, M. E., Kischkel, F. 
C, Scheuerpf lug, C. G., Medema, J. P., Debatin, K.-M., and Krammer, P. 
H. (1997) Eur. J. Immunol. 27,1207-1212). This raises the possibility 
that Bcl-x|L directly prevents caspase-8 activation by the DISC. 
To test this hypothesis a cell line in which CD95 signaling was inhibited 
by overexpression of Bcl-x|L was used. In these MCF7 -Fas-bcl-x | L cells 
Bcl-x|L had no effect on the recruitment of caspase-8 to the DISC. 
It did not affect the activity of the DISC nor the generation of the 
caspase-8 active subunits pl8 and plO. In contrast, cleavage of a 
typical substrate for caspase-3 -like proteases, 

poly (ADP-ribose) polymerase, was inhibited in comparison with the 
control-transf ected CD95-sensitive MCF7-Fas cells. To test whether 
Bcl-x|L would inhibit active caspase-8 subunits in the cytoplasm, a 
number of immunoprecipitation experiments were performed. Using 
monoclonal antibodies directed against different domains of 
caspase-8, anti-Bcl-x|L antibodies, or fusion proteins 
of glutathione S-transf erase with different domains of caspase-8, 



no evidence for a direct or indirect physical interaction between 

caspase-8 and Bcl-x|L was found. Moreover, overexpression of 

Bcl-x|L did not inhibit the activity of the caspase-8 active 

subunits pl8/pl0. Therefore, in this cell line that has become resistant 

to CD95-induced-apoptosis due to overexpression of Bcl-x|L, Bcl-x|L acts 

independently, and downstream of caspase-8. 

1998 

Bcl-x|L acts downstream of caspase-8 activation by the CD95 

death- inducing signaling complex. 
1998 

. . .ABSTRACT: peripheral human T cells resistance to CD95 -mediated apoptosis 
is characterized by a lack of caspase-8 recruitment to the CD95 
death-inducing signaling complex (DISC) and by increased expression of... 

...J. Immunol. 27,1207-1212). This raises the possibility that Bcl-x|L 
directly prevents caspase-8 activation by the DISC. To test this 
hypothesis a cell line in which CD95... 

. . . Fas-bcl-x | L cells Bcl-x|L had no effect on the recruitment of 
caspase-8 to the DISC. It did not affect the activity of the DISC 
nor the generation of the caspase-8 active subunits pl8 and plO. In 
contrast, cleavage of a typical substrate for caspase-3 -like 
proteases, poly (ADP-ribose) polymerase, was inhibited in comparison with 
the control-transf ected CD95-sensitive MCF7-Fas cells. To test whether 
Bcl-x|L would inhibit active caspase-8 subunits in the cytoplasm, a 
number of immunoprecipitation experiments were performed. Using 
monoclonal antibodies directed against different domains of 
caspase-8, anti-Bcl-x| L antibodies, or fusion proteins 
of glutathione S-transf erase with different domains of caspase-8, 
no evidence for a direct or indirect physical interaction between 
caspase-8 and Bcl-x|L was found. Moreover, overexpression of 
Bcl-x|L did not inhibit the activity of the caspase-8 active 
subunits pl8/pl0. Therefore, in this cell line that has become resistant 
to. . . 

...due to overexpression of Bcl-x|L, Bcl-x|L acts independently, and 

downstream of caspase-8. 
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Abstract: Alkylation treatment of HeLa cells results in the rapid induction 



of apoptosis as revealed by DNA laddering and cleavage of 
poly (ADP-ribose) polymerase (PARP) into the 29-and 85-kDa fragments 
(Kumari S. R. , Mendoza-Alvarez , H. & Alvarez -Gonzalez , R, (1998) Cancer 
Res. 58, 5075-5078). Here, we performed a time-course analysis of (i) 
poly (ADP-ribose) synthesis and degradation as well as (ii) the 
subnuclear localization of PARP and its fragments by using confocal 
laser scanning immunofluorescence microscopy, PARP was activated within 
15 min post-treatment, as revealed by nuclear immunostaining with 
antibody 10H (recognizing poly (ADP-ribose) ) , This was followed by 
a late, time -dependent , progressive decline of 10H signals that 
coincide with the time of PARP cleavage. Strikingly, nucleolar 
immunostaining with antibodies 10H and C-LI-IO (recognizing the 
85-kDa PARP fragment) was lost by 15 min pos t- treatment , whereas F-I-23 
signals (recognizing the 29-kDa fragment) persisted. We hypothesize 
that the 85-kDa PARP fragment is translocated, along with covalently 
bound poly (ADP-ribose) , from nucleoli to the nucleoplasm, whereas the 
29-kDa fragment is retained, because it binds to DNA strand breaks. Our 
data (i) provide a Link between the known time -dependent 
bifunctional role of PARP in apoptosis and the subcellular localization 
of PARP fragments and also (ii) add to the evidence for early 
proteolytic changes in nucleoli during apoptosis. 

, 1999 

...Abstract: microscopy, PARP was activated within 15 min post-treatment, 
as revealed by nuclear immunostaining with antibody 10H 
(recognizing poly (ADP-ribose) ) , This was followed by a late, 
time-dependent, progressive decline of 10H signals that coincide with 
the time of PARP cleavage. Strikingly, nucleolar immunostaining with 
antibodies 10H and C-LI-IO (recognizing the 85-kDa PARP fragment) 
was lost by 15 . . . 

...fragment is retained, because it binds to DNA strand breaks. Our data 
(i) provide a Link between the known time -dependent bifunctional 
role of PARP in apoptosis and the subcellular localization. . . 
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Abstract: Neutrophils undergo constitutive apoptosis when aged ex vivo, 

Recent studies have indicated roles for Fas/CD95 and the nicotinamide 
adenine dinucleotide phosphate (NADPH) oxidase system in this process. 
We have investigated the role of protein kinase C (PKC) in neutrophil 
death. We show that there is proteolysis and activation of the novel 
isoform PKC delta in aged neutrophils and that this process is 
accelerated by the addition of an agonistic Fas antibody. PKC 
delta proteolysis occurs before the onset of any detectable features of 
apoptosis and pharmacologic inhibition of this enzyme inhibits 
neutrophil apoptosis. PKC delta cleavage and activation is dependent on 



caspase-8/FADD-like interleukin-1 beta converting enzyme 
(FLICE) -mediated processing of caspase-3/CPP32 . Neutrophil 
survival is prolonged by the addition of broad spectrum (BD.fmk) or 
caspase-8 targeted (zIETD.fmk) peptide caspase inhibitors. 
Inhibition of PKC delta does not prevent apoptosis triggered by factor 
withdrawal in immature hematopoietic cells, including normal human 
CD34 (+) progenitors indicating that within a given lineage, the 
mechanisms of apoptosis may be differentiation-stage-specific. Ex vivo 
aging of neutrophils leads to the increasing production of reactive 
oxygen species and this is attenuated in cells treated with either 
caspase or PKC delta inhibitors. Proteolytically activated PKC 
delta acts as a molecular link between the Fas/CD95 receptor and 
the NADPH-oxidase system and plays a central role in regulating the 
process of neutrophil apoptosis. (C) 1999 by The American Society of 
Hematology. 

Title: Caspase-mediated proteolysis and activation of protein kinase 

C delta plays a central role in neutrophil... 
, 1999 

...Abstract: aged neutrophils and that this process is accelerated by the 
addition of an agonistic Fas antibody. PKC delta proteolysis 
occurs before the onset of any detectable features of apoptosis and 
pharmacologic inhibition of this enzyme inhibits neutrophil apoptosis. 
PKC delta cleavage and activation is dependent on caspase 
-8/FADD-like interleukin-1 beta converting enzyme (FLICE) -mediated 
processing of caspase-3/CPP32 . Neutrophil survival is 
prolonged by the addition of broad spectrum (BD.fmk) or caspase-8 
targeted (zIETD.fmk) peptide caspase inhibitors. Inhibition of 
PKC delta does not prevent apoptosis triggered by factor withdrawal in 
immature . . . 

...increasing production of reactive oxygen species and this is attenuated 
in cells treated with either caspase or PKC delta inhibitors. 
Proteolytically activated PKC delta acts as a molecular link 
between the Fas/CD95 receptor and the NADPH-oxidase system and plays a 
central role . . . 
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Abstract: Tumour necrosis factor-alpha (TNF alpha) is a cytokine that 

induces apoptosis in various cell systems by binding to a TNF receptor 
(TNFR) . To study TNF alpha-induced apoptosis, we isolated and 
characterized a novel TNF alpha resistant variant, U937/TNF clone IL-5, 
from human monocytic leukaemia U937 cells. The IL-5 cells resist 
apoptosis by TNF alpha and anti-Fas antibody but not by 
anticancer drugs, such as VP-16 and Ara-C. Somatic cell hybridization 
between U937 and IL-5 showed that the apoptosis resistance to TNF alpha 



in IL-5 was genetically dominant. This dominant mutation in IL-5 cells 
blocks TNF alpha-induced disruption of mitochondrial membrane potential 
and caspase-3 activation. Expression of TNPR, Fas and Bcl-2 
family proteins were not changed in IL-5 cells. These results suggest 
that the apoptosis-resistant IL-5 cells could have a functional defect 
in apoptosis signalling from TNFR to mitochondria and caspase 
activation. The IL-5 cells could be useful in studying the signalling 
linkage between TNPR and mitochondria. 

, 1998 

...Abstract: leukaemia U937 cells. The IL-5 cells resist apoptosis by TNF 
alpha and anti-Fas antibody but not by anticancer drugs, such as 
VP-16 and Ara-C. Somatic cell hybridization. . . 

. . .mutation in IL-5 cells blocks TNF alpha-induced disruption of 
mitochondrial membrane potential and caspase-3 activation. 
Expression of TNPR, Fas and Bcl-2 family proteins were not changed in 
IL. . . 

...5 cells could have a functional defect in apoptosis signalling from TNFR 
to mitochondria and caspase activation. The IL-5 cells could be 
useful in studying the signalling linkage between TNPR and 
mitochondria . 
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Abstract: Expression and function of the TRAIL apoptotic pathway was 
investigated in normal and malignant breast epithelial cells. 
Glutathione-S-transf erase (GST) -TRAIL extracellular domain fusion 
proteins Here produced to analyze TRAIL-induced apoptosis. Only 
GST-TRAIL constructs containing regions homologous to the Fas 
self -association and ligand binding domains could induce apoptosis, 
GST-TRAIL induced significant (>90%) apoptosis in just one of eight 
normal and one of eight malignant breast cell lines. All other lines 
were relatively resistant to TRAIL-induced apoptosis, Activating TRAIL 
receptors DR I and DR5 were expressed in all normal and malignant 
breast cell lines. The inhibitory receptor TRID was highly expressed in 
one of tour normal and two of seven malignant breast cell lines, DR4, 
DR5 , or TRID expression did not correlate with sensitivity to 
TRAIL-induced apoptosis. Incubation of cell lines with doxorubicin or 
5-f luorouracil significantly augmented TRAIL-induced apoptosis in most 
breast cell lines, By fractional inhibition analysis, the toxicity of 
the combination of TRAIL and doxorubicin or 5-f luorouracil was 
synergistic compared with either agent alone. In contrast, melphalan 
and paclitaxel augmented TRAIL-induced apoptosis in few cell lines, and 
methotrexate did not augment it in any cell line. Augmentation of 
TRAIL-induced apoptosis by doxorubicin or 5-f luorouracil was mediated 
through caspase activation, This was evidenced by the fact that 
chemotherapy agents that synergized with TRAIL (e.g. , doxorubicin) 



themselves caused cleavage of caspase-3 and 

poly (ADP-ribose) polymerase (PARP) , and their toxicity was blocked by 

the caspase inhibitor Z-Val-Ala-Asp (OMe) -CH2 (ZVAD-fmk) , The 

combination of TRAIL and doxorubicin caused significantly greater 

caspase-3 and PARP cleavage, and the combined toxicity also 

was inhibited by ZVAD-fmk. In contrast, chemotherapy agents that did 

not augment TRAIL-induced apoptosis (e.g., methotrexate) caused minimal 

caspase-3 and PARP cleavage by themselves, and their 

toxicity was not inhibited by ZVAD-fmk, These drugs also did not 

increase caspase-3 or PARP cleavage when combined with 

TRAIL. Tn summary, few breast cell lines are sensitive to TRAIL-induced 
apoptosis, and no difference in sensitivity is found between normal and 
malignant cell lines. Treatment with chemotherapy provides an approach 
to sensitize breast cancer cells to TRAIL-induced apoptosis. 

, 1999 

...Abstract: investigated in normal and malignant breast epithelial cells. 
Glutathione-S-transf erase (GST) -TRAIL extracellular domain fusion 
proteins Here produced to analyze TRAIL-induced apoptosis. Only 
GST-TRAIL constructs containing regions homologous... 

...cell line. Augmentation of TRAIL-induced apoptosis by doxorubicin or 
5-f luorouracil was mediated through caspase activation, This was 
evidenced by the fact that chemotherapy agents that synergized with 
TRAIL (e.g., doxorubicin) themselves caused cleavage of caspase- 
3 and poly (ADP-ribose) polymerase (PARP), and their toxicity was 
blocked by the caspase inhibitor Z-Val-Ala-Asp (OMe) -CH2 
(ZVAD-fmk) , The combination of TRAIL and doxorubicin caused 
significantly greater caspase-3 and PARP cleavage, and the 
combined toxicity also was inhibited by ZVAD-fmk. In contrast, 
chemotherapy agents that did not augment TRAIL-induced apoptosis (e.g., 
methotrexate) caused minimal caspase-3 and PARP cleavage by 
themselves, and their toxicity was not inhibited by ZVAD-fmk, These 
drugs also did not increase caspase-3 or PARP cleavage when 
combined with TRAIL. Tn summary, few breast cell lines are sensitive... 

... Identifiers- -DRUG- INDUCED APOPTOSIS; ANTI-FAS ANTIBODY; APO-l/FAS 
RECEPTOR/ LIGAND SYSTEM; WILD-TYPE P53; CANCER-CELLS; MEDIATED 
CYTOTOXICITY; MUTANT P53 . . . 
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Abstract: We previously reported that butyric acid, an extracellular 

metabolite from periodontopathic bacteria, induced apoptosis in murine 
thymocytes, splenic T cells, and human Jurkat T cells, In this study, 
we examined the ability of butyric acid to induce apoptosis in 
peripheral blood mononuclear cells (PBMC) and the effect of bacterial 
lipopolysaccharide (LPS) on this apoptosis. Butyric acid significantly 
inhibited the anti-CD3 monoclonal antibody- and concanavalin 
A-induced proliferative responses in a dose-dependent fashion. This 
inhibition of PBMC growth by butyric acid depended on apoptosis in 



vitro. It was characterized by internucleosomal DNA digestion and 
revealed by gel electrophoresis followed by a colorimetric DNA 
fragmentation assay to occur in a concentration-dependent fashion. 
Butyric acid-induced PBMC apoptosis was accompanied by caspase- 
3 protease activity but not by caspase-1 protease activity. 
LPS potentiated butyric acid- induced PBMC apoptosis in a dose -dependent 
manner. Flow-cytometric analysis revealed that LPS increased the 
proportion of sub-G, cells and the number of late-stage apoptotic cells 
induced by butyric acid. Annexin V binding experiments with 
fractionated subpopulations of PBMC in flow cytometory revealed that 
LPS accelerated the butyric acid-induced CD3+-T-cell. apoptosis 
followed by similar levels of both CD4 (+) - and CD8 (+) -T-cell apoptosis. 
The addition of LPS to PBMC cultures did not cause DNA fragmentation, 
suggesting that LPS was unable to induce PBMC apoptosis directly. These 
data suggest that LPS, in combination with butyric acid, potentiates 
CD3(+) PBMC T-cell apoptosis and plays a role in the apoptotic 
depletion of CD4 (+) and CD8 (+) cells. 

, 1999 

...Abstract: of bacterial lipopolysaccharide (LPS) on this apoptosis. 
Butyric acid significantly inhibited the anti-CD3 monoclonal 
antibody- and concanavalin A- induced proliferative responses in a 
dose -dependent fashion. This inhibition of PBMC. . . 

...to occur in a concentration-dependent fashion. Butyric acid-induced PBMC 
apoptosis was accompanied by caspase-3 protease activity 
but not by caspase-1 protease activity. LPS potentiated butyric 
acid-induced PBMC apoptosis in a dose -dependent manner... 
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Abstract: Villous trophoblast in the human placenta consists of a 
population of proliferating stem cells which differentiate and 
individually fuse into the syncytiotrophoblast . We studied the 
apoptotic cascade in this complex epithelial layer by 
immunohistochemical localization of Fas, Fast, Bel -2, Mcl-1, pro- 
caspase-3 and caspase-3, T-cell-restricted 

intracellular antigen-related protein (TIAR) , poly (ADP-ribose) 
polymerase (PARP) , lamin B, topoisomerase II alpha, and 
transglutaminase II in cryostat and paraffin-fixed tissue sections 
from, normal human first-trimester and term placental villi. The 
relationship between the apoptotic cascade and syncytial fusion 
was studied by coincubation of intact villi with FITC-coupled 
annexin-V, to detect the phosphatidylserine flip, and propidium iodide, 
to detect plasma membrane permeability. The final events of the 



apoptotic cascade were studied by the TUNEL reaction and 
ultrastructural appearance of the trophoblast. The phosphatidylserine 
flip was identified in some of the villous cytotrophoblastic cells, but 
the presence of both Bcl-2 and Mcl-1 proteins presumably prevented 
continuation of the apoptotic cascade. The syncytiotrophoblast 
demonstrated heterogeneous findings, suggesting variable progression 
along the apoptotic cascade. In some areas Bcl-2 and Mcl-1 
predominated, with preservation of the nuclear proteins PARP, lamin B, 
and topoisomerase II alpha; in other areas, especially in and around 
syncytial sprouts, Bcl-2 and Mcl-1 were absent, accompanied by loss of 
nuclear proteins, presence of phosphatidylserine flip, and TUNEL 
positivity. These data suggest that the apoptotic cascade is initiated 
in the villous cytotrophoblast , which in turn promotes syncytial 
fusion. Donation of anti-apoptotic proteins into the syncytium, 
such as Bcl-2 and Mcl-1, focally inhibits further progression along 
this cascade. Completion of the apoptotic cascade takes place in and 
around syncytial sprouts, providing further evidence that these are the 
sites of trophoblast shedding into the maternal circulation. 

, 1998 

...Abstract: the human placenta consists of a population of proliferating 
stem cells which differentiate and individually fuse into the 
syncytiotrophoblast. We studied the apoptotic cascade in this complex 
epithelial layer by immunohistochemical localization of Fas, Fast, 
Bcl-2, Mcl-1, pro-caspase-3 and caspase-3, 

T-cell-restricted intracellular antigen-related protein (TIAR) , 
poly (ADP-ribose) polymerase (PARP) , lamin B. . . 

...human first-trimester and term placental villi. The relationship between 
the apoptotic cascade and syncytial fusion was studied by 
coincubation of intact villi with FITC-coupled annexin-V, to detect the 



that the apoptotic cascade is initiated in the villous cytotrophoblast, 
which in turn promotes syncytial fusion. Donation of 

anti-apoptotic proteins into the syncytium, such as Bcl-2 and Mcl-1... 
Identifiers- -PROGRAMMED CELL-DEATH; FAS LIGAND; SEQUENTIAL ACTIVATION; 
MONOCLONAL -ANTIBODY; MEDIATED APOPTOSIS; BCL-2 EXPRESSION; 
IN-VITRO; ICE-LIKE; PHOSPHATIDYLSERINE; TROPHOBLAST 
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Abstract : The development of safe vectors for gene therapy requires 

fail-safe mechanisms to terminate therapy or remove genetically altered 
cells. The ideal 11 suicide switch' 1 would be nonimmunogenic and 
nontoxic when uninduced and able to trigger cell death independent of 
tissue type or cell cycle stage, By using chemically induced 
dimerization, we have developed powerful death switches based on the 



cysteine proteases, caspase-1 ICE (interleukin-1 beta converting 

enzyme) and caspase-3 YAMA, In both cases, aggregation of 

the target protein is achieved by a nontoxic lipid-permeable dimeric 

FK506 analog that binds to the attached FK506-binding proteins, FKBPs . 

We find that intracellular cross -linking of caspase-1 or 

caspase-3 is sufficient to trigger rapid apoptosis in a 

Bel -x (L) -independent manner, suggesting that these conditional 

proapoptotic molecules can bypass intracellular checkpoint genes, such 

as Bcl-x(L), that limit apoptosis. Because these chimeric 

molecules are derived from autologous proteins, they should be 

nonimmunogenic and thus ideal for long-lived gene therapy vectors. 

These properties should also make chemically induced apoptosis useful 

for developmental studies, for treating hyperprolif erative disorders, 

and for developing animal models to a wide variety of diseases. 

Title: Synthetic activation of caspases : Artificial death switches 
, 1998 

...Abstract: using chemically induced dimerization, we have developed 
powerful death switches based on the cysteine proteases, caspase 
-1 ICE (interleukin-1 beta converting enzyme) and caspase-3 
YAMA, In both cases, aggregation of the target protein is achieved by a 
nontoxic lipid. . . 

...analog that binds to the attached FK506-binding proteins, FKBPs . We find 
that intracellular cross-linking of caspase-1 or 
caspase-3 is sufficient to trigger rapid apoptosis in a 
Bel -x (L) -independent manner, suggesting that... 

...can bypass intracellular checkpoint genes, such as Bcl-x(L), that limit 
apoptosis. Because these chimeric molecules are derived from 
autologous proteins, they should be nonimmunogenic and thus ideal for 
long. . . 
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Abstract: We have developed a general procedure for the regulated ( 
inducible) dimerization or oligomerization of intracellular 
proteins and disclose methods and materials for using that procedure to 
regulatably initiate cell-specific apoptosis (programmed cell death) in 
genetically engineered cells. 
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Abstract: We have developed a general procedure for the regulated ( 
inducible) dimerization or oligomerization of intracellular 
proteins and disclose methods and materials for using that procedure to 
regulatably initiate cell-specific apoptosis (programmed cell death) in 
genetically engineered cells. 



15. The method of claim 1, wherein the chimeric protein comprises at 
least one ligand-binding domain comprising an immunophilin domain, 
cyclophilin domain, steroid binding domain, antibiotic binding domain, 
or an antibody domainl6. The method of claim 1, wherein said at 
least one ligand binding domain is provided in the chimeric 
protein as an intracellular domain 



? s antibod? or ligand 

1349719 ANTIBOD? 
315 94 6 LIGAND 

51 1625787 ANTIBOD? OR LIGAND 
? s oligomeri? (5n) indue? 

32116 OLIGOMERI? 
3543432 INDUC? 

52 926 OLIGOMERI? (5N) INDUC? 
? s sl and s2 

1625787 SI 
926 S2 

53 298 SI AND S2 
? s s3 and py<=1999 
Processing 

Processing 

298 S3 
35700353 PY<=1999 

54 175 S3 AND PY<=1999 

? rd 

>>>Duplicate detection is not supported for File 340. 

>>>Records from unsupported files will be retained in the RD set. 
. . .examined 50 records (50) 
...examined 50 records (100) 
...examined 50 records (150) 
. . . completed examining records 

55 87 RD (unique items) 
? s antibod? and ligand 

1349719 ANTIBOD? 

315946 LIGAND 

56 39878 ANTIBOD? AND LIGAND 
? s s5 and s6 

87 S5 

39878 S6 

57 12 S5 AND S6 

? t s7/3,k,ab/l-12 ^ 

7/3,K,AB/l (Item 1 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

10369871 99364310 PMID: 10437622 

Fas -Mediated apoptosis is inhibited by TSH and iodine in moderate 
concentrations in primary human thyrocytes in vitro. 

Feldkamp J; Pascher E; Perniok A; Scherbaum W A 

Department of Endocrinology, Heinrich-Heine-University of Dusseldorf, 
Germany, f eldkamj@uni -duesseldorf . de 

Hormone and metabolic research. Hormon- und Stof f wechself orschung . 
Hormones et metabolisme (GERMANY) Jun 1999, 31 (6) p355-8, 
ISSN 0018-5043 Journal Code: 0177722 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Programmed cell death (apoptosis) can be found in normal thyroid tissue 
and in various diseases affecting the thyroid gland. The Fas/Fas 
ligand (FasL) system is involved in the induction of apoptosis in 
human thyrocytes. Cross -linking the Fas receptor with its own ligand 

or with an antibody capable of oligomeri zing with the receptor 
induces programmed cell d 
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CD44 is a transmembrane glycoprotein involved in various cell adhesion 
events, including lymphocyte migration, early hemopoiesis, and tumor 
metastasis. To examine the requirements of CD44 for signal delivery through 
the extracellular domain, we constructed a chimeric CD44 protein fused to 
the intracellular domain of Fas on its C-terminus. In cells expressing the 
CD44-Fas fusion protein, apoptosis could be induced by treatment with 
certain anti-CD44 mAbs alone, especially those recognizing the epitope 
group d, which has been previously shown to play a role in ligand 
binding, indicating that ligation of a specific region of the CD44 
extracellular domain results in signal delivery. Of note was that 
appropriate ligation of the epitope h also resulted in the generation of 
apoptotic signal, although this region was not thought to be involved in 
ligand binding. In contrast, the so-called blocking anti-CD44 mAbs 
(epitope., group f) that can abrogate the binding of hyaluronate (HA) failed 
to induce apoptosis even after further cross-linking with the secondary Ab, 
indicating that a mere mAb-induced oligomerization of the 
chimeric proteins is insufficient for signal generation. However, these 
blocking mAbs were instead capable of inhibiting apoptosis induced by 
nonblocking mAb (epitope group h) . Furthermore, a chimeric protein bearing 
a mutation in the HA binding domain and hence lacking the ability to 
recognize HA was incapable of mediating the mAb-induced apoptosis, 
suggesting that the functional integrity of the HA binding domain is 
crucial to the signal generation in CD44. 



a transcriptional activation domain; (c) a transcriptional repressor 
domain; or (d) a signaling domain which induces the biological 
process following oligomerization of the chimeric protein to form 
the ligand cross-linke 



34. A method for providing a mammal responsive to a selected 

ligand which can regulate the transcription of a target gene in a 
cell within the mammal... 

...1) at least one genetic construct encoding a chimeric protein comprising 
(a) at least one ligand-binding domain which binds to a selected 
ligand, and (b) a heterologous protein domain which regulates 
transcription of the target gene, wherein the selected ligand 
binds to and oligomerizes two or more chimeric protein molecules to form 
a ligand cross-linked complex and further has one or more of the 
following characteristics: (i) the ligand is not a protein; (ii) 
the ligand has a molecular weight less than 5 kD; and (iii) the 
ligand is membrane permeable, and (2) the target gene under the 
control of a transcription control element responsive to the 
ligand cross -linked complex. 

Non-exemplary Claims: ...comprising at least one genetic construct encoding 
a chimeric protein comprising (a) at least one ligand-binding 
domain which binds to a selected ligand, and (b) a heterologous 
protein domain which induces the biological process, wherein the 
selected ligand binds to and oligomerizes two or more chimeric 
protein molecules to form a ligand cross-linked complex and 
further has one or more of the following characteristics: (i) the 
ligand is not a protein; (ii) the ligand has a molecular 
weight less than 5 kD; and (iii) the ligand is membrane permeable, 
and wherein mutual association of two or more of the heterologous 
protein domains in a ligand cross -linked complex induces the 
biological process; and (B) exposing the cell to the ligand in an 
amount effective to form the ligand cross -linked complex and 
thereby induce the biological process... 
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Abstract: Dimerization and oligomerization of proteins are general 
biological control mechanisms that contribute to the activation of cell 
membrane receptors, transcription factors/ vesicle fusion proteins, and 
other classes of intra- and extracellular proteins. We have developed a 
general procedure for the regulated (inducible) dimerization or 
oligomerization of intracellular proteins. In principle, any two 
target proteins can be induced to associate by treating the cells or 
organisms that harbor them with cell permeable, synthetic ligands. To 
illustrate the practice of this invention, we have induced: (1) the 
intracellular aggregation of the cytoplasmic tail of the Zeta chai 
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Defects in apoptosis mechanisms contribute to chemoresistance in 
malignancy. However, correlations of apoptosis-regulating proteins with 
clinical outcome in cancer patients are variable, presumably reflecting the 
difficulty of using static tests of gene expression in a scenario 
influenced by a dynamic interplay of multiple pro- and antiapoptotic 
molecules. Therefore, we assessed the functional integrity of apoptosis 
pathways in intact primary leukemia cells and correlated the functional 
status of these pathways with clinical outcome. Active apoptogenic proteins 
were introduced into primary leukemia cells by electroporation followed by 
measurement of active caspases by flow cytometric techniques. Cytochrome c 
was introduced to activate the intrinsic (mitochondrial) pathway, whereas 
caspase-8 was introduced to activate the extrinsic (death receptor) 
pathway. In a series of 24 patients with acute myeloid leukemia, 79% had a 
block in at least one pathway, indicating that defects in caspase 
activation mechanisms are common in patients with leukemia. Simultaneous 
blocks in both pathways correlated with chemoresistant disease (92% of 
patients with chemoresistant disease versus 33% of patients with 
chemosensitive disease; P = 0.005) and decreased overall patient survival 
(35% versus 89% 1-year survival; P = 0.02). Simultaneous blockage of the 
intrinsic and extrinsic pathways could be explained by a defect 
located at a point of convergence of the two pathways, probably 
related to overexpression of endogenous inhibitors of the effector - 
caspases, rather than decreased levels of these proteases. This study 
supports the importance of apoptosis pathways in determining response to 
chemotherapy and suggests that functional defects in caspase activation are 
prognostic in patients with leukemia. 

... 02) . Simultaneous blockage of the intrinsic and extrinsic pathways 
could be explained by a defect located at a point of convergence of 
the two pathways, probably related to overexpression of endogenous 
inhibitors of the ef f ector-caspases , rather than decreased 
levels of these proteases. This study supports the importance of apoptosis 
pathways . . . 
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We have found that a brefeldin A (BFA) -resistant mutant cell line derived 
from Vero cells (BER-40) is highly resistant to ricin-induced 
apoptosis as compared with parental Vero cells. In BER-40 cells, all 
apoptotic events caused by ricin including cytolysis, nuclear 
morphological changes, and DNA fragmentation occur to a lesser extent than 
in Vero cells, even though both cell lines show similar sensitivities to 
ricin -mediated inhibition of protein synthesis. Furthermore, no 
significant apoptotic signaling events, such as increases in caspase 
-3 and -9-like activities, release of cytochrome c from mitochondria, or 
the cleavage of PARP, were observed in BER-40 cells under the conditions at 
which these changes were evident in Vero cells. Intracellular biochemical 
changes associated with ricin-induced apoptosis, such as the 
depletion of glutathione and an increase in free Zn2+, were also less 
apparent in BER-40 cells than in Vero cells. BER-40 cells were also found 
to be highly resistant to apoptosis induced by other toxins with 
different intoxication mechanisms such as diphtheria toxin, modeccin, and 
anisomycin. These results suggest that the entire apoptotic signal 
transduction mechanism in BER-40 cells, which may be triggered after the 
inhibition of protein synthesis by toxins, becomes resistant. Since MDCK 
cells, a naturally BFA resistant cell line, are highly sensitive to 
ricin-induced apoptosis , it seems likely that the BFA 
resistance phenotype may not necessarily lead to resistance to apoptotic 
cell death. Probably the underlaying BFA-resistance mechanism in BER-40 
cells is distinct from that in MDCK cells, and the resistance to 
ricin-induced apoptosis of BER-4 0 cells may be a unique 
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phenotype acquired concomitantly with BFA-resistance . 

Resistance against ricin-induced apoptosis in a brefeldin 
A-resistant mutant cell line (BER-40) of Vero cells. 

... BFA) -resistant mutant cell line derived from Vero cells (BER-40) is 
highly resistant to ricin-induced apoptosis as compared with 
parental Vero cells. In BER-40 cells, all apoptotic events caused by 
ricin including cytolysis, nuclear morphological changes, and DNA 
fragmentation occur to a lesser extent than in Vero cells, even though both 
cell lines show similar sensitivities to ricin-mediated inhibition of 
protein synthesis. Furthermore, no significant apoptotic signaling events, 
such as increases in caspase-3 and -9-like activities, release of 
cytochrome c from mitochondria, or the cleavage of... 

... conditions at which these changes were evident in Vero cells. 
Intracellular biochemical changes associated with ricin-induced 
apoptosis , such as the depletion of glutathione and an increase in 
free Zn2+, were also less... 

... than in Vero cells. BER-40 cells were also found to be highly resistant 
to apoptosis induced by other toxins with different intoxication 
mechanisms such as diphtheria toxin, modeccin, and anisomycin. . . 

... becomes resistant. Since MDCK cells, a naturally BFA resistant cell 
line, are highly sensitive to ricin-induced apoptosis, it seems 
likely that the BFA resistance phenotype may not necessarily lead to 
resistance to. . . 

... in BER-40 cells is distinct from that in MDCK cells, and the resistance 
to ricin-induced apoptosis of BER-40 cells may be a unique 
phenotype acquired concomitantly with BFA-resistance. 
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We compared the abilities of ricin , diphtheria toxin, 
cycloheximide, and anisomycin to induce apoptosis , using human 
myeloid leukemia U937 cells at the concentration of each toxin at which 
almost complete protein synthesis inhibition was attained within 3 h. Among 



these toxins, anisomycin was found to be the most potent apoptosis 
inducer. After a 6-h exposure to anisomycin (1 microg/ml) , nearly 95% of 
the cells had apoptotic nuclear morphological changes, while 53%, 30%, and 
10% of the cells showed apoptotic changes after exposure to ricin 
(0.1 microg/ml), diphtheria toxin (10 microg/ml), and cycloheximide (10 
microg/ml) , respectively. Furthermore, a rapid increase in caspase 
-3 -like activity was observed in anisomycin-treated cells. A similar 
increase in caspase-3 -like activity was also observed in ricin 
-treated cells on a slower time schedule. However, only a slight increase 
in the protease activity was induced by diphtheria toxin or cycloheximide 
even after 6 h of incubation. Since both ricin and anisomycin are 
known to act on 2 8S ribosomal RNA, our results suggest that this action 
mechanism may be responsible for their potent apoptosis induction, 
and protein synthesis inhibition alone is not sufficient to induce 
apoptosis . 

Comparison of the apoptosis -inducing abilities of various protein 
synthesis inhibitors in U937 cells. 

We compared the abilities of ricin , diphtheria toxin, 
cycloheximide, and anisomycin to induce apoptosis , using human 
myeloid leukemia U937 cells at the concentration of each toxin at which 
almost . . . 

... attained within 3 h. Among these toxins, anisomycin was found to be the 
most potent apoptosis inducer. After a 6-h exposure to anisomycin (1 
microg/ml), nearly 95% of the... 

... changes, while 53%, 30%, and 10% of the cells showed apoptotic changes 
after exposure to ricin (0.1 microg/ml), diphtheria toxin (10 
microg/ml) , and cycloheximide (10 microg/ml) , respectively. Furthermore, a 
rapid increase in caspase -3 -like activity was observed in 
anisomycin-treated cells. A similar increase in caspase -3 -like 
activity was also observed in ricin-treated cells on a slower time 
schedule. However, only a slight increase in the protease... 

. . . was induced by diphtheria toxin or cycloheximide even after 6 h of 
incubation. Since both ricin and anisomycin are known to act on 28S 
ribosomal RNA, our results suggest that this action mechanism may be 
responsible for their potent apoptosis induction, and protein 
synthesis inhibition alone is not sufficient to induce apoptosis. 
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Although the depletion of reduced glutathione (GSH) has been observed in 
a variety of apoptotic systems, little is known about the mechanism of GSH 
depletion. In this study we used polarized MDCK cells to study the GSH flux 
during ricin- induced apoptosis . Here we report that the 
specific accumulation of GSH occurred in the basolateral medium during 
ricin treatment with similar kinetics to in apoptotic changes such as 
an increase in caspase-3 like activity and DNA fragmentation, while 
there was no significant increase in the GSH level in apical medium. These 
results suggest that GSH efflux occurred through a GSH-specific channel or 
transporter located in the basolateral membrane domain of polarized MDCK 
cells undergoing apoptosis. Treatment with other protein toxins such 
as modeccin, Pseudomonas toxin, and diphtheria toxin, which can induce 
apoptotic cell death, also resulted in selective GSH efflux from the 
basolateral side. Thus, GSH efflux through a specific transporter may be a 
common step of apoptosis induced by these toxins, while these toxins 
have different intoxication mechanisms leading to protein synthesis 
inhibition. Pretreatment of cells with Z-Asp-CH (2 ) -DCB, a caspase 
family inhibitor, inhibited ricin-induced basolateral GSH efflux as 
well as DNA fragmentation, suggesting that the activation of caspases 
, i.e. those that are inhibited by Z-Asp-CH (2) -DCB, is implicated in the 
opening of the GSH transporter. 

Specific efflux of glutathione from the basolateral membrane domain in 
polarized MDCK cells during ricin-induced apoptosis. 

...depletion. In this study we used polarized MDCK cells to study the GSH 
flux during ricin-induced apoptosis. Here we report that the 
specific accumulation of GSH occurred in the basolateral medium during 
ricin treatment with similar kinetics to in apoptotic changes such as 
an increase in caspase-3 like activity and DNA fragmentation, while 
there was no significant increase in the GSH. . . 

. . . specific channel or transporter located in the basolateral membrane 
domain of polarized MDCK cells undergoing apoptosis. Treatment with 
other protein toxins such as modeccin, Pseudomonas toxin, and diphtheria 
toxin, which can. . . 

...basolateral side. Thus, GSH efflux through a specific transporter may be 
a common step of apoptosis induced by these toxins, while these 
toxins have different intoxication mechanisms leading to protein synthesis 
inhibition. Pretreatment of cells with Z-Asp-CH(2) -DCB, a caspase 
family inhibitor, inhibited ricin-induced basolateral GSH efflux as 
well as DNA fragmentation, suggesting that the activation of caspases 
, i.e. those that are inhibited by Z-Asp-CH (2) -DCB, is implicated in... 
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Human granulocyte -macrophage colony- stimulating factor fused to truncated 
diphtheria toxin (DT3 8 8 -GM-CSF) sensitized wild-type and 

Bcl2-overexpressing HL60 human leukemia cells to intoxication by Ara-C 
based on proliferation and clonogenic assays. The toxin/drug combination 
showed dramatic synergistic toxicity with combination indices of < 0.1. 
Synergy was not seen with two other protein synthesis inhibiting drugs -- 
ricin and cycloheximide nor with GMCSF alone. No changes in Ara-C 
incorporation into cellular DNA or cell cycle occupancy were seen. As 
compared to exposure to DT388 -GM-CSF or Ara-C alone, co-treatment produced 
significant increases in cytosolic accumulation of cytochrome c, a higher 
percentage of cells with loss of mitochondrial membrane potential and an 
increase in reactive oxygen species and morphologic changes of 
apoptosis , and a greater induction of poly (ADP-ribose) polymerase 
(PARP) and DNA fragmentation factor 45 (DFF45) cleavage activities of 
caspase 3. Co-treatment did not significantly alter Bcl2, Bcl-xL, Bax 
or Fas receptor (FasR) , but modestly increased Fas ligand (FasL) protein. 
These finding suggest that co-treatment with DT388 -GM-CSF may lead to a 
lowered apoptotic threshold and clonogenic survival of human AML blasts due 
to Ara-C. These observations also suggest that clinical trials of 
combination therapy may be warranted in patients with AML. 

... indices of < 0.1. Synergy was not seen with two other protein 
synthesis inhibiting drugs --ricin and cycloheximide nor with GMCSF 
alone. No changes in Ara-C incorporation into cellular DNA... 

... of mitochondrial membrane potential and an increase in reactive oxygen 
species and morphologic changes of apoptosis, and a greater induction 
of poly (ADP-ribose) polymerase (PARP) and DNA fragmentation factor 45 
(DFF45) cleavage activities of caspase 3. Co-treatment did not 
significantly alter Bcl2, Bcl-xL, Bax or Fas receptor (FasR... 



6/3,K,AB/5 (Item 5 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 2003 The Dialog Corp. All rts. reserv. 

11770746 99208997 PMID : 10192917 

Involvement of N-acetylcysteine-sensitive pathways in ricin-induced 
apoptotic cell death in U937 cells. 

Oda T; Iwaoka J; Komatsu N; Muramatsu T 

Division of Biochemistry, Faculty of Fisheries, Nagasaki University, 
Japan. t-oda@net . nagasaki-u . ac . jp 

Bioscience, biotechnology, and biochemistry (JAPAN) Feb 1999, 63 (2) 
p341-8, ISSN 0916-8451 Journal Code: 9205717 
Document type: Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 
Record type : Completed 

We have found that the antioxidant N-acetylcysteine (NAC) strongly 
inhibited ricin -induced apoptotic cell death in U937 cells (human 
myeloid leukemia) , as judged by cytotoxicity, nuclear morphological change, 
and DNA fragmentation. Consistent with these observations, a significant 
depletion of cellular glutathione was observed in ricin-treated 
cells, and NAC prevented the decrease in cellular glutathione. On the other 



hand, among the caspase inhibitors tested, Z-Asp-CH2-DCB, which 
inhibited ricin cytotoxicity, also suppressed ricin-mediated 
glutathione depletion, while NAC did not affect the generation of 
caspase-3 like activity in ricin-treated cells. These results 
suggest that glutathione loss takes place downstream from caspase 
activation during the ricin -induced apoptotic process. Treatment 
with a specific inhibitor of glutathione biosynthesis, buthionine 
sulfoximine (BSO) failed to induce apoptosis, and had no effect on 
the overall extent of ricin- induced apoptosis, even though the 
glutathione level was decreased to less than 5% of the control level. 
However, NAC still protected against ricin-induced apoptosis in 
the BSO-treated cells. We conclude that glutathione loss is one of several 
apoptotic changes caused by ricin, but is not a sufficient factor for 
the progress of apoptosis. NAC may prevent ricin-induced 
apoptosis through maintaining an intracellular reducing condition by 
acting as a thiol supplier. 

Involvement of N-acetylcysteine- sensitive pathways in ricin-induced 
apoptotic cell death in U937 cells. 

We have found that the antioxidant N-acetylcysteine (NAC) strongly 
inhibited ricin -induced apoptotic cell death in U937 cells (human 
myeloid leukemia) f as judged by cytotoxicity, nuclear. . . 

... DNA fragmentation. Consistent with these observations, a significant 
depletion of cellular glutathione was observed in ricin-treated 
cells, and NAC prevented the decrease in cellular glutathione. On the other 
hand, among the caspase inhibitors tested, Z-Asp-CH2 -DCB, which 
inhibited ricin cytotoxicity, also suppressed ricin-mediated 
glutathione depletion, while NAC did not affect the generation of 
caspase-3 like activity in ricin-treated cells. These results 
suggest that glutathione loss takes place downstream from caspase 
activation during the ricin -induced apoptotic process. Treatment 
with a specific inhibitor of glutathione biosynthesis, buthionine 
sulfoximine (BSO) failed to induce apoptosis, and had no effect on 
the overall extent of ricin-induced apoptosis, even though the 
glutathione level was decreased to less than 5% of the control level. 
However, NAC still protected against ricin-induced apoptosis in 
the BSO-treated cells. We conclude that glutathione loss is one of several 
apoptotic changes caused by ricin, but is not a sufficient factor for 
the progress of apoptosis. NAC may prevent ricin-induced 
apoptosis through maintaining an intracellular reducing condition by 
acting as a thiol supplier. 
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